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During t h e  May 1965 t o t a l  s o l a r  e c l i p s e ,  i n  a j o i n t  

United S t a t e s  - N e w  Zealand opera t ion ,  s i x  Boosted Arcas 

rocke t s  were s u c c e s s f u l l y  f i r e d  w i t h i n  120 minutens from a 

remote l o c a t i o n  i n  Northern New Zealand. Five rocke t s  w e r e  

f i r e d  from a s i n g l e  launcher ,  w h i l e  t h e  l as t  rocke t  w a s  

held i n  a ready condi t ion  and f i r e d  from a second launcher.  

Each rocke t  payload comprised a 12-pound minia tur ized  

ins t rumenta t ion  sys t em designed t o  ga ther  and telemeter 

lower ionosphere e l e c t r o n  and ion  d e n s i t y  d a t a .  P r i o r  t o  

t h i s  ope ra t ion ,  the desires of the s c i e n t i f i c  community t o  

launch a l a r g e  number of rocketborne experiments during 

s p e c i a l  s c i e n t i f i c  phenomena w e r e  gene ra l ly  r e s t r i c t e d  t o  

e x i s t i n g  ranges.  

T h i s  r e p o r t  d i scusses  t h e  ope ra t iona l  a spec t s  of t he  

e c l i p s e  p r o j e c t ,  examines t h e  a i rbo rne  and ground based 

e l e c t r o n i c  s y s t e m s ,  and deals b r i e f l y  wi th  t h e  i n s t a l l a t i o n  

and ope ra t ion  of the Boosted Arcas rocke t  s y s t e m .  Prelaunch 

and countdown p repa ra t ions  a r e  suppl ied  and sample r a d i a t i o n  

p a t t e r n s  f o r  a d i p o l e  antenna enclosed wi th in  a p l a s t i c  

nose cone are included i n  an appendix. The r e p o r t  is not 

intended t o  p re sen t  an a n a l y s i s  of either s c i e n t i f i c  d a t a  o r  

detai led v e h i c l e  performance. 
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REPORT ON 

UNITED STATES - NEW ZEALAND 
SOLAR ECLIPSE PROJECT 

By Edward E. B i s s e l l *  
U. S. P r o j e c t  Manager 

I NTRODUC T ION 

I n  a j o i n t  United S t a t e s  - New Zealand ope ra t ion ,  a 

series of NASA Boosted Arcas sounding rocke t s  were launched 

from North N e w  Zealand during the t o t a l  s o l a r  e c l i p s e  which 

occurred i n  the  South P a c i f i c  a r e a  on 30 May 1965. Scien- 

t i f i c  o b j e c t i v e s  of these f l i g h t s  were t o  ob ta in  information 

on t he  e l e c t r o n  and ion d e n s i t y  d i s t r i b u t i o n  i n  the  ionos- 

p h e r i c  D-region by means of r a d i o  propagat ion and DC probe 

experiments .  A l l  d a t a  from the nonrecoverable  rocketborne 

payloads were obtained by te lemetry t o  a ground s t a t i o n .  

I n  a d d i t i o n ,  t he  New Zealand U n i v e r s i t y  of Canterbury, 

u s ing  ground based puls ing  techniques,  conducted a d i f f e r e n -  

t i a l  abso rp t ion  experiment t o  measure  e l e c t r o n  concent ra t ions  

i n  the  same ionospheric  region. A secondary experimental  

o b j e c t i v e ,  t h e r e f o r e ,  was t o  compare the  r e spec t ive  methods 

of measuring e l e c t r o n  d e n s i t i e s .  

T h i s  e c l i p s e  was of p a r t i c u l a r  i n t e r e s t  i n  t h a t  its 

occurrence near  dawn, when the sun was j u s t  s l i g h t l y  above 

the hor izon ,  provided a s i t u a t i o n  where in  the  phys ica l  

*Head, Sounding Rocket Instrumentat ion Sec t ion  
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processes  r e spons ib l e  f o r  the  product ion  and maintenance 

of tk lower ionosphere,  i. e . ,  below 90 km, were cons ider -  

a b l y  s i m p l i f i e d .  In t h i s  s i t u a t i o n ,  t h e  normal i o n i z i n g  

r a d i a t i o n s  f r o m  the sun  cannot p e n e t r a t e  much below 90 km, 

l e a v i n g  only cosmic r a y s  as the  r e spons ib l e  i o n i z i n g  agent .  

A t  n i g h t ,  when t h e  sun  is a b s e n t ,  t h e  i o n i z a t i o n  takes t h e  

form of p o s i t i v e  and nega t ive  ions .  A t  dawn, however, t h e  

atmosphere is exposed t o  u l t r a v i o l e t  v i s i b l e  s u n l i g h t  which 

is not  i tself  energetic enough t o  d i r e c t l y  i o n i z e  the  n e u t r a l  

gas molecules bu t  which does detach e l e c t r o n s  from nega- 

t i v e  ions .  The e c l i p s e ,  then ,  provides  a s i t u a t i o n  i n  

whichthe detachment process  can be s t u d i e d  over a drawn- 

o u t  t i m e  i n t e r v a l  or compared w i t h  an  everyday type  of 

s u n r i s e . ,  Figure 1 i l l u s t r a t e s  F l i g h t  15.07 G I  (Range 

Number K I W I  4) i g n i t i o n  a t  t h e  moment of t o t a l  e c l i p s e .  

GENERAL 

I n  June 1964 the  P lane ta ry  Ionospheres Branch of GSFC 

undertook a n  expansion and a c c e l e r a t i o n  of t h e  D-region 

(50 t o  90 km) program. The Nike-Apache v e h i c l e  which was 

be ing  used  on t h i s  program made s u c h  expansion p r o h i b i t i v e l y  

expensive.  

i n g  r o c k e t ,  the  s i n g l e - s t a g e  s o l i d - p r o p e l l a n t  Arcas, had 

been performing w e l l  i n  i ts p r i m a r y  role. However, per-  

formance of t h i s  rocke t  would be margina l  i f  adapted t o  

carry heavier  s c i e n t i f i c  probes t o  the  D-region. The 

Boosted Arcas was developed by the  A t l a n t i c  Research 

A r e l a t i v e l y  inexpensive me teo ro log ica l  sound- 

2 



Corporat ion t o  inc rease  bo th  payload weight and a l t i t u d e  

I c a p a b i l i t y .  A s  f i n a l l y  developed, t h e  Boos ted  Arcas had a 

c a p a b i l i t y  t o  carry a 10-pound payload t o  a peak a l t i t u d e  

of 85 ki lometers .  

T h i s  r o c k e t ,  w i t h  a newly developed min ia tu r i zed  D- 

r eg ion  payload, was s u c c e s s f u l l y  f l i g h t  t e s t e d  on NASA Arcas 

F l i g h t s  15.01 G I  and 15.02 G I .  These f l i g h t s  were included 

i n  t h e  j o i n t  NASA/GSFC Norway opera t ions  of March 1965. 

Upon the s u c c e s s f u l  opera t ion  of rocke t  and payload, t h e  

Sounding Rocket Instrumentat ion Sec t ion  (SRIS) and the  

P lane ta ry  Ionospheres Branch combined e f f o r t s  t o  prepare 

D-region payloads and support  equipment f o r  t h e  j o i n t  U.S. - 
N.Z. May 1965 So la r  E c l i p s e  P r o j e c t .  

I 

-. 

The primary purpose of t h i s  r e p o r t  is t o  d i s c u s s  the 

o p e r a t i o n a l  a s p e c t s  of t h e  Solar  Ec l ip se  P ro jec t .  However, 

t h e  m e r i t s  of t h e  Boosted Arcas sounding r o c k e t  sys t em,  

coupled wi th  recent technological  advances i n  payload 

m i n i a t u r i z a t i o n ,  may w e l l  inaugurate its ex tens ive  u s e  i n  

o t h e r  experiment app l i ca t ions .  P r o j e c t  l o g i s t i c a l  informa- 

t i o n ,  t e l e m e t r y  sys t em da ta ,  and ground support  equipment 

have t h e r e f o r e  been documented f o r  t he  a s s i s t a n c e  of p r o j e c t  

s c i e n t i s t s  and experimenters  des i rous  of adapt ing the s y s t e m  

t o  t h e i r  p a r t i c u l a r  requirements.  

3 



PROJECT REQUIREaaENTS AND RESPONSIBILITIES 

Dr.  H.L.  Dryden, representing NASA Headquarters, and 

D r .  J.F. Fleming, representing the National Space Research 

Committee of the Royal Society of New Zealand, signed a 

joint Memorandum of Understanding which defined general 

project requirements and delineated areas of responsibility. 

The memo, dated 29 April 1965, is reproduced in part as 

follows : 

The National Space Research Committee of the 
Royal Society of New Zealand (Space Committee) 
and the United States National Aeronautics and 
Space Administration (NASA) affirm their mutual 
interest in conducting a cooperative scientific 
project in space research during the solar 
eclipse of May 1965. 

Accordingly, the Space Committee and NASA agree 
to cooperate in investigating variations in 
ionization below 80 km due to changes in the 
photo-detachment rate of negative ions and 
above that altitude due to changes in the solar 
zenith angle and solar ultraviolet and X-ray 
flux caused by passage of the moon. The experi- 
ments will be carried out by launching six 
Boosted Arcas sounding rockets from a site, in 
the path of totality, near the northern end of 
North Island in New Zealand. The rockets are to 
carry payloads for measurement of variations in 
electron density by the Faraday rotation technique. 
At the same time, ground equipment will be used 
to measure differential absorption in order to 
obtain background profiles of electron density. 
Together these measurements will provide a record 
of variations in the decay of ionospheric particles 
from shortly before until after the solar eclipse. 

Responsibility for the sounding rocket investiga- 
tions rests primarily in NASA's Goddard Space 
Flight Center, while responsibility for ground- 
based measurements will rest in the University Of 
Canterbury at Christchurch, New Zealand. 

The Space Committee and NASA agree they will use 
their best efforts to discharge the following 
responsibilities : 

4 



Space Committee R e s p o n s i b i l i t i e s :  

1. 

2. 

3. 

4. 

5. 

6 .  

Provide admin i s t r a t ive  and l i a i s o n  s e r v i c e s  
i n  New Zealand 

Prepare launch s i t e  on t h e  Kar ika r i  Peninsula ,  
inc luding:  pads (two), po le s  f o r  antenna 
( f i v e ) ,  power, and i n s t a l l a t i o n  of N e w  
Zealand and U.S. equipment 

S t o r e ,  assemble,  and launch Boosted Arcas 
sounding rocke t s  

O p e r a t e  range, including range s a f e t y  

Arrange f o r  requi red  l i a b i l i t y  insurance 

Provide d i f f e r e n t i a l  absorp t ion  ground equip- 
ment, inc luding:  t r a n s p o r t a t i o n ,  i n s t a l l a t i o n ,  
and ope ra t ion  of equipment 

NASA R e s p o n s i b i l i t i e s :  

1. Provide and t r a n s p o r t  t o  N e w  Zealand s i x  
Boosted Arcas sounding rocke t s  and six pay- 
loads  

2. Provide on loan and t r a n s p o r t  t o  and from 
New Zealand one Arcas launcher  

3. Continue the  loan of a second Arcas launcher 
a l r eady  i n  New Zealand 

4.  Provide and t r a n s p o r t  t o  and from New Zealand 
one ground support  van f o r  payloads 

5. Provide s t a f f  f o r  handling, assembling, and 
checking payloads and f o r  the ope ra t ion  of the 
ground suppor t  van 

Each agency w i l l  bear  the c o s t  of d i scharg ing  its 
r e s p e c t i v e  r e s p o n s i b i l i t i e s  inc luding  t r a v e l  by i ts  
personnel  and t h e  t r a n s p o r t a t i o n  of t he  equipment 
which is its r e s p o n s i b i l i t y .  No exchange of funds 
between t h e  Space Committee and NASA is contemplated. 

Each agency w i l l  des igna te  a p r o j e c t  manager t o  a s su re  
proper  coord ina t ion  w i t h  the  o the r .  

Each agency w i l l  be respons ib le  f o r  t h e  r educ t ion  
and a n a l y s l s  of the da ta  obtained by their e y u i p -  
ment and t h i s  d a t a  w i l l  be exchanged w i t h  t he  

5 



o t h e r  agency a s  soon as poss ib l e .  The raw and 
reduced d a t a  w i l l  become t h e  common proper ty  of 
both agencies .  A l l  publ ished r e s u l t s  w i l l  
appear  i n  t h e  open l i t e r a tu re  or, along wi th  t h e  
reduced d a t a ,  be made a v a i l a b l e  i n  o t h e r  ways t o  
t h e  s c i e n t i f i c  community w i t h i n  s i x  months a f t e r  
t h e  e c l i p s e .  

F igu re  2 is a f u n c t i o n a l  s t a f f  o r g a n i z a t i o n  chart  show- 

i n g  t h e  NASA/GSFC a c t i v i t i e s  t h a t  r e so lved  va r ious  adminis- 

t r a t i v e  problems and c o n t r i b u t e d  s p e c i a l i z e d  s e r v i c e s  i n  

t h e  pre l iminary  planning s t a g e s  of t h e  p r o j e c t .  

PERSONNEL 

Table 1 l ists  the o r g a n i z a t i o n s  and r e s p e c t i v e  personnel ,  

t oge the r  w i t h  a s s o c i a t e d  p r o j e c t  f u n c t i o n s ,  t h a t  p a r t i c i p a t e d  

i n  t h e  j o i n t  U.S. - N.Z. S o l a r  E c l i p s e  P r o j e c t .  Not tabu- 

l a t e d  are t h e  supply ,  c o n s t r u c t i o n ,  and maintenance s e r v i c e s  

rendered b y  va r ious  N e w  Zealand c i v i l i a n  and RNZAF personnel .  

Some of the p r o j e c t  p a r t i c i p a n t s  are inc luded  i n  F igu re  3, 

whi le  t h e  complete p r o j e c t  l i n e  o r g a n i z a t i o n  c h a r t  is shown 

i n  F igure  4. 

Table 1. P a r t i c i p a t i n g  Personnel  and Organiza t ions  

~~ 

ORGAN I Z  AT I ON 
~ 

GSFC Sounding 
Rocket Branch 

PERSONNEL 
~ ~ ~~ 

E.E. B i s s e l l  

J .C .  Modlin 

C. Watkins 

C.M. Hendricks 

FUNCTION 

U.S. P r o j e c t  Manager 

Ins t rumen ta t ion  
Engineer  

Ground S t a t i o n  
Technic ian  

Arcas Vehicle  Manage] 
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Table 1. Participating Personnel and Organizations (Cont.) 

ORGANIZATION 

GSFC Planetary 
Ionosphere Branch 

University of 
Canterbury 

PERSONNEL 

Dr. A.C. Aiken 

Dr. J.A. Kane 

J. Haynes 

W. Haynes 

Dr. J.R. Gregory 

Dr. A. Ross 

G. Fraser 

A.W. Black 

D.G. Innes 

Grp. Capt. 
E.K. Walker 

Sqd. Ldr. 
J. Borlase 

Flt. Lt. 
B. Whitehead 

Flt. Lt. G. Hitch 

Sqd. Ldr. Parker 

Sqd. Ldr. S. Hill 

FUNCTION 

Project Scientist 

Project Scientist 

Instrumentation 
Engineer 

Instrumentation 
Engineer 

New Zealand 
Project 
Manager 

Command i ng 
Officer 
Hobsonv ille 

Launch Officer 

Assistant Launch 
Officer 

Range Safety 
Officer 

OC Administrative 
Wing 

Chief Technical 
Officer 
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Right. Dr. J.R. Gregory (N.Z. Project 
Manager). 

Top. RNZAF Launch Control Team. 

Left. E.E.  Bissel l  (U.S. Project Manager). 
Top. D.G. lnnez (Univ of Canterbury), 

J . Haines (GSFC), 
A. W. Black (Univ of Canterbury). 

Figure 3. Project Personnel 
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. 

PROJECT SCHEDULING 

Table 2 is an a b s t r a c t  of t h e  master schedule  which 

served  as a c o n t r o l  mechanism t o  ensu re  s u c c e s s f u l  p r o j e c t  

completion. S ince  advance planning w a s  v i t a l  t o  the  

p r o j e c t ,  cumulat ive and programmed performance were com-  

pared d a i l y  i n  t e r m s  of due date and percentage  of work 

completed. Cor rec t ive  c o n t r o l  a c t i o n  could  then  be immedi- 

a t e l y  taken  and t h e  p r o j e c t  accomplished w i t h  a minimum of 

res c hedu 1 i n g  . 
Table 2. P r o j e c t  Schedule 

DATE * 
20 A p r i l  65 

2 1  A p r i l  

22 April 

23-28 Apr i l  

29 A p r i l  

29 A p r i l  

2-3 May 

3 May 

3 May 

9 May 

12 Yay 

EVENT 

Ground s t a t i o n  ope ra t iona l .  

Telemetry ground checks and 
adjustments.  

g a t e  telemetry and experiment 
s e c t i o n s .  

Payload i n t e g r a t i o n  tests. 

T e s t  and e v a l u a t i o n  environmental  
checks completed. 

Complete inventory  and loading  of 
equipment. 

and load  aboard a i r c r a f t .  
Ship equipment t o  Wallops I s l and  

Equipment a i r l i f t  t o  New Zealand. 

F i r s t  RNZAF and U. of Canterbury 
personnel a r r i v e  a t  s i te .  

F i r s t  GSFC personnel  a r r i v e  a t  s i t e .  

Ground s t a t i o n  i n  place. 
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Table 2. P r o j e c t  Schedule (Cont.) 

DATE* 

13 May 

14 May 

17 May 

23 May 

23-25 May 

26 May 

28 May 

31 May 

EVENT 

Launch pads completed. 

Payloads and p r o j e c t  s c i e n t i s t s  
a r r i v e  a t  s i t e .  

Antenna suppor t s  erected. 

Rockets d e l i v e r e d  from s t o r a g e  
a t  Hobsonville.  

Prepare r o c k e t s  and conduct f i n a l  

F i r s t  test rocke t  f i red.  

Second tes t  rocke t  f i r e d  (if 

equipment checks. 

necessary) .  

S o l a r  e c l i p s e  launchings.  

* D a t e s  a f t e r  3 May are N e w  Zealand t i m e .  

SITE DETERMINATION 

N e w  Zealand w a s  selected as the launch s i t e  because 

i t  w a s  the  only land t h a t  l a y  along the s o l a r  e c l i p s e  pa th  

of t o t a l i t y  and where t h e  e c l i p s e  occurred  a t  s u n r i s e .  I n  

a d d i t i o n ,  a group of s c i e n t i s t s  i n  t h a t  count ry  w a s  engaged 

i n  a s tudy  of lower ionosphere e l e c t r o n  d e n s i t y .  The 

s p e c i f i c  launch s i t e  near  Cape Kar ika r i  w a s  selected by t h e ,  

Un ive r s i ty  of Canterbury and approved by NASA/GSFC. 

Located a t  Matai Bay about three m i l e s  sou theas t  of 

Cape Kar ikar i  ( s ee  F igure  5 ) ,  the s i t e  o f f e r e d  a coastal  

range having l o g i s t i c a l  advantages s u c h  as access roads ,  

f avorab le  t e r r a i n  features,  and proximity t o  Kai ta ia  where 

cons t ruc t ion  equipment w a s  a v a i l a b l e .  The n a t u r a l  shelter 
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a f f o r d e d  by t h e  bay l o c a t i o n  and g e n e r a l l y  f avorab le  weather 

c o n d i t i o n s ,  i. e . ,  temperature  range 40". t o  60"F, average 

winds below 25 k n o t s ,  and l i g h t  p r e c i p i t a t i o n ,  were dec id ing  

f a c t o r s .  While t h e  s i te  w a s  c l o s e  t o t i h e n o r t h e r n  l i m i t  of 

the 8 5 - m i l e  wide p a t h  of t o t a l i t y ,  t h e  r educ t ion  i n  e c l i p s e  

coverage was deemed n e g l i g i b l e  s i n c e  t h e  r o c k e t s  w o u l d  be 

launched i n t o  the . pa th  of t h e  e c l i p s e .  

LOGISTICAL INFORMATION 

Equipment shipped t o  t h e  s i t e  inc luded  r e s e r v e s  t o  

cover unforeseen needs i n  a d d i t i o n  t o  t h a t  a n t i c i p a t e d  f o r  

normal replacement. Various types of power and r a d i o  

frequency c a b l e  were supp l i ed  t o  suppor t  t h e  Un ive r s i ty  of 

Canterbury experiment.  I n  a d d i t i o n ,  a d e f l e c t o r  p l a t e  

assembly f o r  use  wi th  t h e B o o s t e d  Arcas w a s  supp l i ed  t o  

modify t h e  Arcas launcher  which had been p rev ious ly  loaned 

t o  N e w  Zealand. 

SHIPPING DATA 

Table 3 lists crated sh ipp ing  d a t a  for GSFC s u p p l i e d  

equipment. The t ra i le r  which housed the  ground s t a t i o n  

equipment w a s  a l so  packed w i t h  maintenance too ls ,  s p a r e  

p a r t s ,  and o the r  a s s o c i a t e d  equipment ( r e f e r  t o  Table  A - 1  

and A-2, Appendix A ) .  Rockets, b o o s t e r s ,  and i g n i t o r s  were 

packaged s e p a r a t e l y ,  w i t h  s p a r e  i g n i t o r s  f o r  a rocket and 

boos ter  also included.  Payload and nose cone assembl ies  

were not included i n  t h i s  shipment as t h e y  were shipped 
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l a t e r  w i th  p r o j e c t  personnel. 

C-124 MATS ( M i l i t a r y  A i r  Transport  Serv ice)  a i r c r a f t  (Table 

Equipment w a s  shipped v i a  a 

A-3,  Appendix A). 

Table 3. Equipment Shipping D a t a  

I T E M  
NO. 

1 

2 

3 

4 

5 

- 

QTY DESCRIPTION 

Ground S t a t i o n  
Trailera 

Arcas Closed Breech 
Launcher : 
Shipped in t h r e e  

boxes conta in ing  
launcher com- 
ponent p a r t s ,  
maintenance and 
i n s t a l l a t i o n  
t o o l s ,  and 
s p a r e  parts 

Def lec tor  P l a t e s  

I n t e r s t a g e  and 
Boosters  (w/eight 
i g n i t o r s ) c  

Tota ls  

WEIGHT 
(Lb) 

23 670 

1225 

425 
140 

72 

1 n Q R  
&VYY 

560 

27 177 

TOLUME 
[CuFt) 

1492.5 

126.9 

95.9 
10.0 

3.5 

70.0 

46.9 

1845.7 

DIMENS IONS 
( In )  

a Trailer a l s o  served  a s  shipping con ta ine r  f o r  o the r  equip- 
ment; r e f e r  t o  Appendix A. 

bExplosive weight 455 pounds. 

CExplosive weight 245 pounds. 

TRANSPORTATION 

A l l  equipment was t ranspor ted  v i a  a i r  a s  shipment by 

water w a s  not f e a s i b l e  due t o  tne t i m e  eiement involved. 

Various factors made it  mandatory t o  s h i p  such r e l a t i v e l y  
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I l a r g e  amounts of equipment by a i r ,  namely: l ead  t i m e  re- 

I shor t  d i s t a n c e s ,  over unimproved roads.  F igu re  6 shows t h e  

I type  of t e r ra in  and equipment movement near  the s i te .  

q u i r e d  f o r  equipment i n s t a l l a t i o n ,  ope ra t ion ,  and f i n a l  

checkout ;  t h e  n e c e s s i t y  of conduct ing a s u c c e s s f u l  tes t  

launching i n  Norway p r i o r  t o  shipment of equipment t o  New 

Zealand; and, f i n a l l y ,  t h e  s c i e n t i f i c  aims of t h e  e n t i r e  

miss ion  would be negated if t h e  N e w  Zealand launchings were 

no t  conducted on schedule .  

RANGE REQUIREMENTS 

The launch s i t e  w a s  located on Matai Bay about  three 

m i l e s  sou theas t  of Cape Kar ika r i  a t  l ong i tude  173O 24' 19" 

E a s t  and l a t i t u d e  34O 49' 30" South. A 60° sector,  from 002O 

t o  062O t r u e ,  ex tending  50 m i l e s  seaward s e r v e d  as the  impact 

area. The range danger area w a s  d e f i n e d  as be ing  w i t h i n  a 

one s t a t u t e  m i l e  radius of t h e  launch  pads ,  whi le  t h e  l o c a l  

danger a rea  w a s  encompassed w i t h i n  a 200-yard r a d i u s  of t h e  

pads. Exact range parameters are d e l i n e a t e d  i n  F igu re  7. 
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Cargo a i r l i f t  w a s  by a United S t a t e s  A i r  Force MATS- 

supp l i ed  C-124 a i r c r a f t  , which depar ted  Wallops I s l a n d ,  

V i r g i n i a ,  on 3 May and a r r i v e d  a t  Whenuapai A i r f i e l d  i n  

Auckland, New Zealand, on 8 May. (Surface  t r a n s p o r t a t i o n  

would have taken a m i n i m u m  of 60 d a y s , )  A l l  equipment w a s  

then  hau led  by common carrier over main highway t o  Kaitaia 

some 200 m i l e s  d i s t a n t .  The l a s t  30 m i l e s  from K a i t a i a  t o  

t he  l a  u n  c h s i t e  w a s  over paved roads and a t  t i m e s ,  and f o r  
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COMMUNI CAT IONS 

Figure 8 shows t h e  var ious  main l i n e s  of communications, 

t h e  ma jo r i ty  of which were suppl ied  and maintained by t h e  

RNZAF. NASA/GSFC supp l i ed  seven t r a n s c e i v e r s  which were 

used ex tens ive ly  dur ing  payload t e s t i n g  and t o  back up t h e  

communication sys tem.  

POWER REQUIREIYIENTS 

A RNZAF supp l i ed  and operated motor genera tor  (see 

Figure 9) fu rn i shed  power t o  t h e  GSFC ground s t a t i o n .  Power 

supp l i ed ,  as is customary i n  N e w  Zealand, w a s  416 v o l t ,  50 

cycle,  4-wire three-phase WYE connected wi th  a nominal 230/240 

v o l t s  from each  phase t o  neu t r a l .  A Westinghouse 50 cps type 

DT-3 t ransformer ,  provided by GSFC, w a s  employed t o  s t e p  down 

t h e  power t o  t h e  U.S. standard 110-220 v o l t s  requi red  f o r  

ground siaiiva operatioil. m-  ---..-- ---+;-..-..c n - e - n + i n m  
lu CUDULC L U I I G A I I U U U D  U p C Z A U b A v U ,  

t h e  RNZAF a l s o  suppl ied  a standby genera tor .  

WIND WEIGHTING 

Prel iminary launcher s e t t i n g s  are n e c e s s a r i l y  a f f e c t e d  

by range s a f e t y  cons idera t ions  and phys ica l  boundaries.  Since 

t h e  New Zealand launchings were t o  seaward, t hese  problems 

w e r e  minimized. However, i n  o rder  f o r  t h e  rocke t  t o  achieve 

m a x i m u m  apogee c o n s i s t e n t  with range s a f e t y ,  launcher azimuth 

and e l e v a t i o n  angles  m u s t  be amended by t h e  in t roduc t ion  of 

wind weighting f a c t o r s .  

d i r e c t i o n  and v e l o c i t y  t o  7000 feet were supp l i ea  by the 

Univers i ty  of Canterbury and RNZAF personnel  (see Figure 9).  

Meteorological  data inc luding  wind 
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P r e v a i l i n g  winds were cont inuous ly  monitored and necessary  

adjustments ,  when r e q u i r e d ,  were made t o  launcher  s e t t i n g s  

p r i o r  t o  each f i r i n g .  

FREQUENCY MONITORING 

While the 240.2 m c  t e l e m e t r y  and 2404 and 3360 kc r a d i o  

propagat ion experiment f r equenc ie s  were approved by N e w  Zealand 

a u t h o r i t i e s ,  t h e r e  could be no assurance  t h a t  t h e  ass igned  

f requencies  were free of i n t e r f e r e n c e  from f o r e i g n  t ransmis-  

s i o n s .  Pas t  exper ience  has shown t h a t  ground-based monitor- 

i n g  s t a t i o n s  have, a t  t i m e s ,  been unable  t o  detect s u c h  i n t e r -  

f e rence .  Consequently; the’RNZAF supp l i ed  a Canberra a i r c ra f t  

which overflew t h e  launch s i te  a t  an  a l t i t u d e  of 40 000 feet  

t o  monitor t h e  experiment f r equenc ie s  f o r  CW and voice .  

The f l i g h t  w a s  conducted a t  e a r l y  dawn p r i o r  t o  t he  K I W I  1 

launch. While 2404 kc w a s  completely clear,  t h e r e  w a s  s l i g h t  

u n i d e n t i f i a b l e  s p l a t t e r  from a d i s t a n t  f o r e i g n  broadcas t  

s t a t i o n  on 3360 kc. (The l i n e  of s i g h t  t e l e m e t r y  f requency 

d i d  not  r e q u i r e  monitor ing.)  I t  w a s  decided,  and la ter  con- 

f i rmed,  t h a t  t h e  f a i n t  i n t e r f e r e n c e  d e t e c t e d  would no t  

adve r se ly  a f f ec t  t he  s c i e n t i f i c  a i m s  of t h e  experiment.  

DISSEMINATION OF PUBLIC INFORblATION 

Publ ic  i n t e r e s t  i n  t h e  p r o j e c t  had been s t i m u l a t e d  w e l l  

i n  advance through s t a t emen t s  released t o  the l o c a l  p r e s s  by 

t h e  N e w  Zealand Space Research Committee. Th i s  one f a c t  

a lone  probably con t r ibu ted  m a t e r i a l l y  t o  t h e  e x c e l l e n t  N e w  
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Zealand p u b l i c  response,  and was e s p e c i a l l y  va luab le  i n  

o b t a i n i n g  access through p r i v a t e  p r o p e r t y  and procur ing  

local suppor t  s e r v i c e s .  

Once t h e  launch s i te  w a s  e s t a b l i s h e d ,  every oppor tun i ty  

c o n s i s t e n t  w i th  range s a f e t y  w a s  a f f o r d e d  t h e  N e w  Zealand 

p u b l i c  and local newspaper r e p o r t e r s  t o  a s k  ques t ions  and 

i n s p e c t  t h e  equipment. The Arcas s e c u r i t y  d e c l a s s i f i c a t i o n  

i n  e a r l y  March 1965 had removed t h e  greatest  b a r r i e r  t o  p u b l i c  

in format ion .  A spectator area, e s t a b l i s h e d  some 1.5 m i l e s  

f r o m  t h e  s i te ,  r e s u l t e d  i n  several  hundred people viewing 

t h e  rocke t  launchings.  Th i s  w a s  cons iderably  more t h a n  had 

t r a v e l e d  t h e  long d i s t a n c e  t o  observe t h e  p r a c t i c e  launch 

f i v e  days ear l ier .  I n  both i n s t a n c e s  t h e  f a c i l i t y  w a s  opened 

t o  t h e  p u b l i c  immediately a f te r  t h e  f i r i n g  and f u l l  explana- 

LIu113 u I I c I ~ u  as tc what had transpired- The wide press, 

r a d i o ,  and t e l e v i s i o n  coverage g iven  t h e  p r o j e c t  i n  N e w  

Zealand should broaden p u b l i c  i n t e r e s t  i n  space e x p l o r a t i o n  

programs. 

a; --- -.c-Fn-A,4 

BOOSTED ARCAS LAUNCHER AND ROCKET SYSTEM 

For t h e  p a s t  few y e a r s  t h e r e  h a s  e x i s t e d  t h e  requirement 

by Goddard's P l ane ta ry  Ionospheres Branch f o r  a s imple rocke t  

system t h a t  would c a r r y  a 15- t o  20- pound payload t o  90 km.  

Due t o  r e c e n t  advances i n  payload m i n i a t u r i z a t i o n  and r e s u l t a n t  

weight  r educ t ion ,  i t  w a s  found t h a t  i n  some i n s t a n c e s  t h e  Nike- 

Apache v e h i c l e  w a s  being u s e d  t ~ ,  kiilnCh pZy%SZc! 1.VeightS that 
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were s u b s t a n t i a l l y  beneath des ign  c a p a b i l i t y .  I n  a d d i t i o n ,  

t h e  complex launch s i t e  r equ i r ed  f o r  Nike-Apache r e s t r i c t e d  

t h e  areas from which launchings could be undertaken.  

BOOSTED ARCAS 

The s ing le - s t age  Arcas w a s  o r i g i n a l l y  developed a s  a 

so l id -p rope l l an t  sounding rocket  designed t o  c a r r y  a 10- 

pound payload t o  an  a l t i t u d e  of about 65 k i lome te r s .  Thus 

s e v e r e l y  l i m i t e d ,  t h e  v e h i c l e  performed yeoman's s e r v i c e  

c h i e f l y  a s  a meteoro logica l  suppor t  rocke t  des igna ted  

Arcasonde. Even i n  t h i s  capac i ty ,  however, t h e  unboosted 

v e h i c l e  d isp layed  a marked tendency t o  underperform. To 

remedy t h i s  de f i c i ency  and i n c r e a s e  peak a l t i t u d e  c a p a b i l i t y ,  

t h e  A t l a n t i c  Research Corporat ion (ARC) proceeded t o  develop 

t h e  Boosted Arcas. 

Design Descr ip t ion  

T h e  Boosted Arcas ( r e f e r  t o  F igu re  10) is a two-stage 

v e h i c l e  which c o n s i s t s  of a s t anda rd  Arcas rocke t  or sus-  

t a i n e r ,  a boos te r ,  and in t e r s t age  coupl ing .  Both stages 

are  powered by a s o l i d  p r o p e l l a n t ,  t h e  Arcas s u s t a i n e r  by 

a n  end-burning p l a s t i s o l  (Arcite 373D) t ype  and t h e  

boos te r  by a s ix-poin t  i n t e r n a l  burn ing  g r a i n .  Separa te  

i g n i t i o n  systems are employed; however, i g n i t i o n  of bo th  

s tages  i s  nea r ly  s imultaneous a s  a g - s w i t c h  i n  t h e  sus-  

t a i n e r  f i r i n g  l i n e  c l o s e s  t h e  Arcas f i r i n g  c i r c u i t  a f t e r  

i n i t i a l  boos te r  motion. 
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Figure 10. Boosted Arcas Rocket 
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E s s e n t i a l  weights  and dimensions a r e  a s  shown i n  t h e  

F igu re  10 i n s e r t .  Length of t h e  Arcas s u s t a i n e r  w i l l  n a t u r a l l y  

vary  wi th  t h e  type  of nose cone used; t h e  95.8-inch l e n g t h  

shown is with t h e  ARC No. 8 ogive phenol ic  p l a s t i c  nose cone. 

The base  of t h e  8.2-pound i n t e r s t a g e  coupl ing  is a d e f l e c t i o n  

cone which threads onto  t h e  boos te r  head, whi le  t h e  s u s t a i n e r  

seats on an aluminum r i n g  loca ted  near t he  t o p  of t h e  coupl- 

ing .  Two notches,  180 degrees  a p a r t  and cen te red  between 

t h e  two f i n s ,  are c u t  i n t o  t h e  s u s t a i n e r  a f t  f l a n g e  t o  

accommodate l o c a t i o n  p i n s  on t h e  aluminum r i n g  and thereby 

prevent  s u s t a i n e r  r o t a t i o n a l  movement. 

Performance Character is t ics  

With an e f f e c t i v e  launch e l e v a t i o n  ang le  of 85 degrees ,  

and launched from a s e a  l e v e l  s i t e ,  t h e  Boosted Arcas w i l l  

normally reach a peak a l t i t u d e  of approximately 85 k i l o -  

meters w i t h  a 10-pound payload. A t  launch,  b o o s t e r  and 

s u s t a i n e r  i g n i t i o n  occur p r a c t i c a l l y  s imul taneous ly .  The 

boos te r  and i n t e r s t a g e  coupl ing  assembly f a l l s  away a f te r  

1.5 seconds. Sus t a ine r  burnout  occurs  a t  T+29.5 seconds ,  

a f t e r  which t i m e  a coas t  phase is assumed t o  peak a t  T+146 

seconds;  impact occurs  a t  T+294 seconds.  

The s u s t a i n e r  and boos te r  s t a b i l i z i n g  f i n s  are f a c t o r y  

i n s t a l l e d  and canted 0.945 degrees and 1.25 degrees ,  

r e s p e c t i v e l y .  These s e t t i n g s  provide a r o l l  r a t e  of about 

25 r p s  a t  s u s t a i n e r  burnout.  Normal range from launch t o  

impact is approximately 28.5 s t a t u t e  m i l e s .  
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LAUNCHER 

The Boosted Arcas sounding rocke t  s y s t e m  is launched 

by a s t anda rd  ARC EX 120 launcher modified by replacement 

of t h e  breech door w i t h  a d e f l e c t o r  p l a t e  assembly. 

Design Descr ip t ion  

Launcher No. 2, a s  i n s t a l l e d  during the  N e w  Zealand 

So la r  E c l i p s e  P r o j e c t ,  is shown i n  Figure 11. Major 

components (see Figure 11 i n s e r t )  a r e  a 16.6-foot long 

launch tube ,  azimuth t a b l e  and base assembly, and a f r e e  

volume cy l inde r .  The launch tube,  13.5 inches i n  o u t s i d e  

d iameter ,  c o n s i s t s  of t h r e e  f langed s e c t i o n s  bo l t ed  toge ther .  

Gaskets are i n s t a l l e d  between each f l ange  t o  prevent  gas  

leakage. Tube i n s i d e  diameter is 13.2 inches.  

The f r e e  volume cy l inde r  func t ions  as a pressure  v e s s e l  

t o  r e t a i n  rocke t  boos t e r  exhaust gases  generated dur ing  

i g n i t i o n  and combustion. An access  opening i n  the c y l i n d e r  

base s e r v e s  a s  t h e  breech;  however, t he  hinged breech p l a t e  

supp l i ed  wi th  the  launcher m u s t  be replaced w i t h  a d e f l e c t o r  

p l a t e  assembly when f i r i n g  the Boosted Arcas. When so 

modif ied,  boos t e r  and s u s t a i n e r  i g n i t i o n  l ead  w i r e s  m u s t  be 

rou ted  through t h e  p l a t e  t o  t h e  i nd iv idua l  i g n i t o r s .  

Mounting of t h e  c y l i n d e r ,  37.8 inches h igh  and 30 inches 

i n  d iameter ,  is through bear ings t o  a l low v e r t i c a l  r o t a t i o n .  

Launcher r o t a t i o n  in t h e  h o r i z o n t a l  plane is provided 

by t h e  azimuth t a b l e  assembly, which a l s o  func t ions  t o  

suppor t  t h e  cy l inde r  and launch tube. S i x  l u g s  a r e  provided 
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on t he  t a b l e  base ,  t h r e e  f o r  anchoring t o  a concre te  pad 

and t h r e e  f o r  l eve l ing .  Maximum he igh t  of t h e  launcher 

is 21.5 f e e t ;  t o t a l  weight is 500 pounds. 

l 

Operat ion 

Graduated s c a l e s  a r e  provided on t h e  a z i m u t h  table 

and e l e v a t i o n  quadrant  t o  permit d i r e c t  reading  of azimuth 

and e l e v a t i o n  s e t t i n g s .  Launch p o s i t i o n  is a d j u s t a b l e  

through 360 degrees  i n  t h e  h o r i z o n t a l  p l ane ,  w h i l e  v e r t i c a l  

plane adjustments  through 90 degrees a r e  poss ib l e .  However, 

normal recommended v e r t i c a l  launch angle  is 80 t o  85 degrees. 

E leva t ion  and azimuth locks a r e  provided t o  secure t h e  

launch t u b e  a f t e r  i t  has been manually set. 

Loading ope ra t ions  i n c l u d e  t h e  i n s t a l l a t i o n  of four  

p l a s t i c  space r s  t o  support  and c e n t e r  t h e  rocke t  i n  t h e  

launch tube.  Af te r  boos te r  and s u s t a i n e r  i g n i t i o n ,  the 

released exhaust  gases  are entrapped by t h e  f r e e  volume 

cy l inde r .  The pressure  bui ldup e x e r t s  the  necessary f o r c e  

t o  accelerate rocke t  and boos ter  a long the  launch tube .  

A f t e r  emerging from the  launch t u b e  t h e  p l a s t i c  space r s  

f a l l  away, u s u a l l y  i n  fragments. 

PAYLOAD 

Figure 12 i l l u s t r a t e s  t h e  t y p i c a l  Arcas rocket  ( l e s s  

boos t e r )  as launched during the U.S. - N.Z. Sola r  Ec l ip se  

Project, Both experiment and t e l e m e t r y  s e c t i o n s  were con- 

t a i n e d  i n  an  aluminum 4.5-inch diameter c y l i n d r i c a l  housing 
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and weighed approximately 12 pounds. The t e l e m e t r y  an tennas  

were enc losed  i n  a s t a n d a r d  ARC No. 8 ogive  phenol ic  p l a s t i c  

nose cone which w a s  modified t o  accep t  a tip-mounted DC 

e lec t ron  probe. 

EXPERIMENT SECTION 

Information concerning e l e c t r o n  and i o n  d e n s i t y  d i s t r i -  

b u t i o n  i n  t h e  ionospher ic  D-region w a s  ob ta ined  by two 

d i s t i n c t  methods: a r a d i o  propagat ion (or Faraday r o t a t i o n )  

experiment and a DC probe experiment.  Data de r ived  from t h e  

DC probe,  while  u s e f u l  i n  ana lyz ing  Faraday r o t a t i o n  r e s u l t s ,  

w a s  not essent ia l  t o  t h e  major experiment g o a l .  

Radio Propagat ion 

L inea r ly  p o l a r i z e d  rf s i g n a l s  w e r e  t r a n s m i t t e d  t o  t h e  

rocke t  from t w o  ground-based C o l l i n s  Model 367A-3 500-watt 

CW t r a n s m i t t e r s  ope ra t ing  on  3360 and 2404 kc,  r e s p e c t i v e l y .  

The rocket-borne f e r r i t e  rod r e c e i v i n g  an tennas  (Sheet 2 ,  

F i g u r e  1 3 ) ,  r o t a t e d  w i t h  t h e  r o c k e t ,  approximately 20 t o  25 

r p s .  A s  t h e  a i r b o r n e  antennas r o t a t e d ,  t h e  l i n e a r l y  po lar -  

i z e d  p a t t e r n s  of t h e  ground-transmitted s i g n a l s  w e r e  c ros sed ,  

caus ing  t h e  a i r b o r n e  rece ived  s i g n a l s  t o  be modulated a t  

t w i c e  t h e  rocke t  s p i n  rate. 

These r f  s i g n a l s  were then f e d  t o  t h e i r  r e s p e c t i v e  

r e c e i v e r s  and t h e  AGC vol tages  were te lemetered  t o  t h e  

ground s t a t i o n  on 52.5 and 4 0 . 0  kc v o l t a g e  c o n t r o l l e d  

o s c i l l a t o r s  (VCO). Var i a t ions  i n  t h e  t e l e m e t r y  
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Figure 13. Payload Equipment Installation (Sheet 1 of 2) 

32 



4 

t-- 
TO 

moBFd 

FERRlTE ROD 
illn!EmAs 

1 I I  I I 

L 

P/O TELEMETRY EXPERI MJSNT 
SECTION -- SECTION 

Figure 13. Payload Equipment Installation (Sheet 2 of 2) 

33 



r f  s i g n a l  were minimized a t  t h e  ground s t a t i o n  by the  

c i r c u l a r - p o l a r i z e d  h e l i x  r e c e i v i n g  antennas.  

As e x h i b i t e d  by t h e  rea l  t i m e  paper r eco rd ,  t h e  frequency 

of t h e  telemetered d a t a  is then  the sum of t h e  rocke t  s p i n  

frequency and the  ionospher ic  Faraday r o t a t i o n  frequency. 

The rocke t  s p i n  rate w a s  independent ly  determined from t h e  

recorded AGC, obta ined  by us ing  a l i n e a r l y  p o l a r i z e d  tele- 

m e t r y  antenna. Therefore ,  a comparison of t he  two traces 

i n d i c a t e s  t h e  Faraday r o t a t i o n  p o l a r i z a t i o n  p lane  from which 

e l e c t r o n  d e n s i t y  p r o f i l e s  may be calculated.* 

DC Probe 

I o n i z a t i o n  charges were measured w i t h  a DC probe expe r i -  

ment (o f t en  referred t o  as Smith or Langmuir p robe ) ,  c o n s i s t i n g  

mainly of an  e l e c t r o m e t e r ,  a s t a i n l e s s  steel  probe,  and C a l i -  

b r a t i o n  c i r c u i t r y .  P r e c i s e  c i r c u i t  c a l i b r a t i o n  w a s  d e s i r a b l e  

f o r  b e t t e r  data i n t e r p r e t a t i o n .  The re fo re ,  i n  a d d i t i o n  t o  

ground test p rov i s ions ,  t he  i n f l i g h t  c a l i b r a t i o n  l e v e l  w a s  con- 

t i nuous ly  monitored v i a  t he  t e l e m e t r y  s y s t e m  u n t i l  a n  a l t i t u d e  

s w i t c h  opened a t  75 000 feet t o  remove t h e  c a l i b r a t i o n  c i r c u i t .  

The type  and magnitude of ions  which a c c u m u l a t e  on t h e  charged 

probe may be determined by t h e  r e s u l t a n t  v o l t a g e  drop  measured by 

t h e  e lec t rometer  and telemetered t o  the  ground s t a t i o n  on a 70 kc 

*Further  information may be ob ta ined  from t h e  fo l lowing  a r t i c l e :  

Aiken, A.C. ; Kane, J.A. ; and Troim, J. : Some R e s u l t s  of 
Rocket  Exper imen t s  i n  t h e  Q u i e t  D Region. J. Geophys. Res., 
V o l .  69,  N o .  21, Nov. 1, 1964, pp. 4621 - 4628. 
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subcarrier frequency. Figure 14, a photograph of the KIWI 6 

real time record from T-0.5 through T+3.5 seconds, shows 

calibration dropout as it appeared on the ground station 

record. 

70.0 

52.5 

40.0 

TELEMETRY SECTION 

Various factors such as the nature of data to be 

telemetered, accuracy and frequency response required, and 

payload weight and packaging limitations determined the 

selection of an FM/N telemeter for use in the Arcas payloads. 

A 0.25-watt 240.2 mc FM/FM telemetry transmitter (Vector 

Model TRPT-250R), modulated by three VCO's, was used to 

transmit radio propagation and I)(: probe data. Table 4 

lists the VCO IRIG bands and data allocations. 

18 

17 3360 kc Faraday Rotation 

16 2404 kc Faraday Rotation 

E lec t rome t er 

Table 4. VCO IRIG Band Parameters 

I FREQUENCY (kc)* 1 IRIG BAND I DATA ALLOCATION 

Component Select ion 

All telemeter components were subminiature transistor- 

ized types (in keeping with payload space and weight limita- 

tions) which had previously established a record of reliability 

in other rocket payloads designed by the Sounding Rocket 

Instrumentation Section. I n  addition, similar transmitters 
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had performed w e l l  i n  such high stress a p p l i c a t i o n s  a s  t h e  

T r a n s i t  nav iga t iona l  s a t e l l i t e  and the NASA Orb i t ing  S o l a r  

Observatory (OSO) S a t e l l i t e .  Performance parameters  of a l l  

components w e r e  i n d i v i d u a l l y  checked t o  ensure proper  opera- 

t i o n  w i t h i n  des ign  to l e rances .  Table 5 con ta ins  a l i s t i n g  

-. __- ____-____ 
MIXER AMPLIFIER (VECTOR MODEL TS-58A) 

I 

of t h e  va r ious  components, toge ther  w i th  phys ica l  and 

S i z e  

Weight 

Input & Output 
Impedances 

Gain 

performance s p e c i f i c a t i o n s  . 

7/8"D x 1 - 1 / 1 6 " W  x 1-3/8"H 

1.5 oz. 

l O K  and 5K ohms max., r e s p e c t i v e l y  

I 
I 

Adjustable  t o  15X 

Power Requirements 28V dc a t  10 ma 

I I 
supply vo l t age  v a r i a t i o n  of - +lo% 

w i l l  cause no cbange in Unit gaiil. 

Less than ~ 0 . 2 5 %  of des ign  bandwidth 

0 t o  5 V  dc f o r  2'7.5% dev ia t ion  

28V dc 210% a t  15 m a  
I 

I 

I VCO (VECTOR MODEL TS-54A) I 
S i z e  

Weight 

Input  & Output 
Impedances 

S t a b i l i t y  

Linear  i t y 

Modulation S e n s i t i v i t y  

Power Requirements 

7/8"D x 1-1/16"W x 1-3/8"H 

1.75 oz. 

1 megohm and 47K ohms, r e s p e c t i v e l y  

Supply vol tage  v a r i a t i o n  of +lo% 
w i l l  vary c e n t e r  frequency less 
than ~0.5% 
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Table 5. Telemetry Component General Specifications (Cont.) 

Size 

Weight 

Type 

TRANSMITTER (VECTOR MODEL TRPT-250R) 

1-7/8"D x 1-5/8"W x 11/32"H 

0.64 oz. 

SPST barometric (N.O.) 

Size 

Weight 

Input & Output Imped- 
ances 

Power Output 

Frequency Range 

Power Requirements 

Contact Rating 

2.6"Dia x 1.5'" 

8 0 2 .  

5K ohms min. and 50 ohms, respectively 

0.5 amp at 28V dc 

0.25 watts nominal 

215 to 260 mc 

28V dc +lo% at 80 ma - 
RELAY (FILTORS TYPE PLR26HIM6A-1) 

Size 

Weight 

Type 

Latching Time 

Contact Rating 

0.400"D x 0.797"W x 0.885"H 

0.8 oz. 

DPDT magnetic latching 

5 msec max. 

2 amps at 28V dc 

ALTITUDE SWITCH (CARMAC TYPE ES4-20) 

Range 20K' +2K' ; open 500' to 2.5K' 
below point. 

Aerodynamic and structural considerations limited 

telemetry antenna placement to a location inside the nose 

cone (sheet 1, Figure 13). This position, however, resulted 

in a highly efficient telemetry transmitting antenna system. 

The antenna was essentially a dipole consisting of two 
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resonant  q u a r t e r  wave s e c t i o n s ,  each w i t h  p rov i s ions  f o r  

adjustment  . Appendix B conta ins  t y p i c a l  r a d i a t i o n  p a t t e r n s  

f o r  bo th  h o r i z o n t a l  (e)  and ver t ica l  ($I) p o l a r i z a t i o n  f o r - a  

f requency of 240.2 m c  measured a t  fd = 30 i n t e r v a l s .  Also 

included a r e  sample Smith c h a r t  p l o t s  of antenna impedance 

c h a r a c t e r i s t i c s .  Note t h a t  antenna impedance w i l l  v a r y  

according t o  t h e  s p e c i f i c  i n s t a l l a t i o n ;  it w a s  e s s e n t i a l  

t h a t  each antenna and nose cone be considered a matched 

assembly. 

0 

Funct ional  Operat ion 

A block diagram of t h e  t e l e m e t r y  and ins t rumenta t ion  

s y s t e m  used  f o r  the E c l i p s e  Project Arcas payloads is shown 

i n  F igure  15. Three VCO's generated the  s u b c a r r i e r  fre- 

quencies  which w e r e  frequency modulated by the experiment 

uaba. Fully ti=ansistoi=ized tu m i i i i m i z e  size and weignt, 

each  VCO cons i s t ed  of an  ampl i f i e r  and m u l t i v i b r a t o r  

c i r c u i t  i n  a d d i t i o n  t o  an output band pass  f i l t e r  t o  

suppres s  spur ious  harmonics generated by t h e  mul t iv ib ra to r .  

2 - A -  

Adding and ampl i f i ca t ion  of t h e  VCO output  s i g n a l s  w e r e  

accomplished by the mixer a m p l i f i e r ,  a lso a subminiature  

t r a n s i s t o r i z e d  u n i t .  The output of the mixer ampl i f i e r  w a s  

a p p l i e d  t o  a s o l i d  s t a t e  t r ansmi t t e r  c o n s i s t i n g  of a c rys ta l  

c o n t r o l l e d  o s c i l l a t o r ,  a phase modulator,  fou r  frequency 

m u l t i p l i e r  s t a g e s  ( t h r e e  t r i p l e r  and one doubler ) ,  and a 

f i n a l  ou tput  power a m p l i f i e r  s t age .  Transmi t te r  r a t e d  

nominal rf power output  was 0.25 w a t t  i n t o  an impedance of 50 ohms. 
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T e l e m e t r y  b a t t e r y  power, a p o r t i o n  of which w a s  suppl ied  

t o  t h e  experiment s e c t i o n ,  was provided by two packs of 10 

and 20 Yardney model HR-01 S i l v e r c e l l s .  Each ce l l  was of 

t h e  s i l v e r - z i n c  a l k a l i n e  type us ing  a potassium hydroxide 

s o l u t i o n  as t h e  e l e c t r o l y t e .  Nominal cell r a t i n g  w a s  1.5 

v o l t s  a t  0 .1  ampere hour a t  room temperature.  The  cells  were 

of t h e  h igh  r a t e  (HR) discharge type ;  t h a t  is, t o t a l  c e l l  

energy may be expended i n  less than one hour. Due t o  the 

s m a l l  amount of e l e c t r o l y t e  and absence of gass ing ,  it w a s  

p o s s i b l e  t o  i n s t a l l  t h e  b a t t e r y  pack i n  a p re s su r i zed  box 

(Sheet 1, Figure 13) without  a vent tube or sump. 

INTEGRATION 

A l l  payloads were i n t e g r a t e d  and performance checked 

under s imulated f l i g h t  condi t ions  p r i o r  t o  depar ture  from 

GSFC, A t  t h e  same t i m e  t h e  rocke t  t e l e m e t r y  s y s t e m s  were 

checked a g a i n s t  Sounding Rocket I n s t r u m e n t a t i o n  Sec t ion  

FMI/FY ground t e l e m e t r y  s t a t i o n  G t o  ensure  t h a t  a l l  payload 

elements  were properly operat ing.  The payload and nose cone 

assembl ies  were then de l ive red  t o  the p r o j e c t  s c i e n t i s t s ,  

who conducted f u r t h e r  checks of t h e  DC probe and r a d i o  

propagat ion experiment c i r c u i t s .  

I 
I 

P r o j e c t  s c i e n t i s t s  and payloads a r r i v e d  a t  t h e  launch 

s i te  on 14 May. The  ground s t a t i o n  and a s soc ia t ed  equipment 

had been w e l l  i n s t a l l e d  p r io r  t o  t he  14 May date. Payloads 

- w e r e  ird&iatelY . 7 - - O  ulrru~ked,  i~?spected for t r a n s i t  damages, 

and given prel iminary ope ra t iona l  checks. A t  t h i s  t i m e  it 
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was d iscovered  t h a t  t h e  K I W I  4 t e l e m e t r y  t r a n s m i t t e r  w a s  

no t  ope ra t ing  o n t h e  correct output  r a d i o  frequency. I t  was 

not  p o s s i b l e  t o  c o r r e c t  t h i s  problem, t h e r e f o r e  a s p a r e  

t r a n s m i t t e r  w a s  i n s t a l l e d ,  A l l  payloads were then  found t o  

be i n  o p e r a t i o n a l  c o n d i t i o n ,  

GROUND STAT I ON 

A s i n g l e  t r a n s p o r t a b l e  semi-trailer w a s  found t o  o f f e r  

t h e  most economical and e f f i c i e n t  method of housing t h e  

ground s t a t i o n  te lemet ry  and r a d i o  propagat ion  experiment 

equipment. To b e s t  u t i l i z e  t h e  a v a i l a b l e  space  f o r  t e l eme t ry  

and experiment equipment and s t i l l  provide room f o r  o p e r a t i n g  

and maintenance p e r m n n e l  movement r equ i r ed  a coopera t ive  

e f f o r t  between P lane ta ry  Ionospheres Branch and Sounding 

Rocket Ins t rumenta t ion  Sec t ion  personnel .  

TRAILER DESCRIPTION 

The ground s t a t i o n  w a s  housed i n  a 22-foot long s i n g l e -  

a x l e  semi-trailer (see Figure  16) about  7.5 f e e t  wide and 

80.25 inches high. F a c i l i t i e s  inc luded  a i r  c o n d i t i o n i n g ,  

h e a t i n g  and l i g h t i n g ,  workbenches, t o o l  and s p a r e  p a r t  

s t o r a g e ,  and maintenance and test  equipment r acks .  Double 

door s ,  l oca t ed  a t  the r e a r  of t h e  t ra i le r ,  f a c i l i t a t e d  

equipment i n s t a l l a t i o n  while  a s i n g l e  door f o r  personnel  

u s e  w a s  a t  t he  f r o n t .  Unloaded weight of the van w a s  about 

9000 pounds. 
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EQUIPaaENT CHARACTERISTICS 

FM/FM t e l e m e t r y  ground s t a t i o n  equipment supp l i ed  by 

t h e  Sounding Rocket Ins t rumenta t ion  Sec t ion  was mounted i n  

t h r e e  s t anda rd  s i x - f o o t  r e l a y  r acks  l o c a t e d  a t  t h e  rear of 

t h e  t r a i l e r .  An almost e q u a l  amount of space w a s  devoted 

t o  experiment equipment supp l i ed  by t h e  P lane ta ry  Ionos- 

pheres  Branch. 

T e l e m e t r y  and Ins t rumenta t ion  Equipment 

The FM/FM ground s t a t i o n  t e l eme t ry  equipment c o n s i s t e d  

of h e l i x  and Yagi an tennas ,  r e c e i v e r s  f o r  d a t a  a c q u i s i t i o n ,  

s i g n a l  d i s p l a y  u n i t s ,  d i s c r i m i n a t o r s  f o r  s e p a r a t i n g  i n d i v i -  

d u a l  s u b c a r r i e r s  from a composite s i g n a l ,  and magnetic t ape  

and o s c i l l o g r a p h i c  r e c o r d e r s  f o r  s t o r i n g  and d i s p l a y i n g  

acqui red  da ta .  I n  a d d i t i o n ,  t o  ensu re  u n i n t e r r u p t e d  opera- 

t i o n ,  s u f f i c i e n t  i n s t rumen ta t ion  was inc luded  t o  t es t ,  

c a l i b r a t e ,  and main ta in  b o t h t h e  a i r b o r n e  and ground t e l e m e t r y  

equipment. Figure 17  shows t h e  v a r i o u s  t e l eme t ry  equipment 

u n i t  l o c a t i o n s  toge the r  w i t h  model d e s i g n a t i o n s ,  whi le  

F igure  18 con ta ins  t h e  block diagram. 

A t o t a l  of seven channels  of d a t a ,  as  l i s ted  i n  Table  6, 

were recorded on magnetic t a p e  f o r  each f l i g h t  a t  a t a p e  

speed of 60 inches per  second. Simultaneously,  a rea l  t i m e  

paper record of t e l e m e t r y  data w a s  made. Composite s i g n a l s  

of t h e  te lemetry video f r equenc ie s  (70, 5 2 . 5 ,  and 40 kcs)  

were d iscr imina ted  us ing  790, 600, and 400 cps  gaus ian  low-pass 

output  f i l t e r s  (LPOF) . 
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SPECIAL PURPOSE RCVR 
NO. 1 VITRO Ma 1% 
SPECIAL PURPOSE RCVR 
NO. 2 v m o  m 1906 
LA261BLANI(  b y  
TUNABU DISCRIMINATa 

NO. 1 EIR XllEL 
9 7 D  
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NO. 2 EMR MODEL 
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GALVO. AMPS ( 9 )  
mat mn 112 

RACK NO. 1 WR SI9 

RACK NO. 1 
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FM-AM SIGNAL GEH. 
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NO. 3 VITRO M a  1906 1 

SIG. PATCH 

CEC MODEL 5-124 I 

RACK NO. 2 

LEGEWD 

T/R SUPPORT PAW, 

SIGNAL PATCB 
PANFL NO. 2 

ANTENNA PATCH PABEL 

" E T R Y  CALIWATCR 
DYTRDNICS HODEL 63.3 

RACK NO. 3 FWR SPIX 
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b O I c i l l o a c o p e  EP Model 204B 
cvlvy UP Model 403B 
dLine  Ampl i f ier .  Nos 1 thru 3 EYB Model 173A 
eSiEn.1 P a t c h  Panel No. 1 EUR Model 56-8213A 

Figure I?. ?e!e=tv Equipment Unit Locations 

45 



n 

n I 

1 I - 
46 



Table 6 .  Magnetic Tape Tracks 

DATA 

T e l e m e t r y  Receiver N o .  1 Video 

T e l e m e t r y  Receiver No. 3 Video 

T e l e m e t r y  Doppler 

T e l e m e t r y  Receiver No. 2 Spin 

Voice 

Mult iplex (36 B i t  - 70 kc; 28 B i t  - 
52.5 kc ;  Timing 1 and 100 PPS - 
30 kc;  and Spin-Receiver No. 2) 

Tape Speed Compensation (TSC) and 
100 kc 

Hel ix  antennas 1 and 2 were employed t o  r ece ive  t h e  

240.2 m c  te lemet ry  r a d i o  frequency carrier from t h e  rocke t  

payload. Each w a s  an 8- turn r ight-hand c i rcular  h e l i x  w i t h  

a frequency range from 230 t o  270 m c .  Gain and beamwidth 

w e r e  about 12 dB and 20 degrees ,  r e s p e c t i v e l y  wi th  a 

nominal impedance of 50 ohms. Antenna p e d e s t a l s  w e r e  

manually a d j u s t a b l e  t o  a l low t r a c k i n g  i n  both e l e v a t i o n  and 

azimuth. Figure 19 i l l u s t r a t e s  h e l i x  antenna 1 and its 

component p a r t s .  

While t h e  r ece iv ing  antennas were c i r c u l a r l y  po la r i zed  

t o  minimize s i g n a l  loss due  t o  rocket  r o t a t i o n ,  i t  was 

e s s e n t i a l  t o  t h e  experiment t h a t  s p i n  ra te  be known. This 

w a s  accomplished w i t h  a l i n e a r l y  polar ized  Yagi antenna. 

Peaks and n u l l s  of t h e  receiver AGC w e r e  u s e d  t o  a s c e r t a i n  

r o c k e t  s p i n  rate. Time checks w i t h  Maui, Hawaii, Nat ional  
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Bureau of Standards S t a t i o n  wll", a s  w e l l  a s  l o c a l  New 

Zealand t i m e ,  were performed us ing  t h e  C o l l i n s  model 515-4 

communications receiver. The whip antenna f e d  t h i s  

r e c e i v e r  i n  a d d i t i o n  t o  a r ece ive r  u s e d  by the  experimenter .  

Radio Propagat ion Equipment 

Radio propagat ion equipment supp l i ed  by t h e  P lane tary  

Ionosphere Branch included necessary test ,  c a l i b r a t i o n ,  and 

communication equipment (see Figure 16) t o  provide l i m i t e d  

suppor t .  Two t r a n s m i t t e r s  were employed, each c o n s i s t i n g  

of a C o l l i n s  model 3678-3 500 w a t t  HF power ampl i f i e r .  

Radio frequency output  range w a s  from 2 t o  30 m c .  Power 

f o r  the  t r a n s m i t t e r s  w a s  obtained from C o l l i n s  model 428B-1 

high vo l t age  power s u p p l i e s  r a t e d  a t  2000 VDC, 600 m a ,  w i t h  

less than 1.25% r i p p l e .  Combined weight of t h e  two u n i t s  

w a s  114 pounds. 

T e s t ,  c a l i b r a t i o n ,  and communications equipment was 

mounted i n  t w o  ad jo in ing  racks ,  shown i n  t h e  lower l e f t  of 

F igure  16. T e s t  equipment included a Hewlett-Packard type  

202A low frequency func t ion  generator  t o  s i m u l a t e  payload 

s i g n a l  r e t u r n  and oi l -cooled dummy loads  f o r  performing 

t r a n s m i t t e r  checks.  A l l  equipment supp l i ed  i n  support  of 

the Faraday r o t a t i o n  experiment is shown i n  Figure 20. Of 

t h e  t h r e e  s i g n a l  genera tors  shown, two w e r e  used  as e x c i t e r s  

for the  C o l l i n s  power ampl i f i e r  and t h e  o t h e r  w a s  for standby. 

The Heathki t  model GC-14 communications receiver w a s  u s e d  

p r i m a r i l y  t o  monitor f o r  rf i n t e r f e r e n c e  on t h e  experiment 

t r a n s m i t t i n g  frequency. 
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Two ha l f  wave center - fed  balanced d i p o l e  an tennas ,  

i n s t a l l e d  between f i v e  antenna suppor t s  d i r e c t l y  i n  l i n e  

wi th  each o t h e r  (see Figure 21) ,  r a d i a t e d  l i n e a r l y  

p o l a r i z e d  s i g n a l s  t o  t h e  rocketborne r ece iv ing  antennas.  

Each antenna w a s  f e d  w i t h  50-ohm unbalanced c o a x i a l  cab le  

t o  match t h e  t r a n s m i t t e r  50-ohm unbalanced output .  T h i s  

unbalanced coax w a s  matched t o  the antenna by m e a n s  of a 

balun. The antenna suppor t s  were equipped w i t h  pu l l eys  

and ropes t o  al low antenna r a i s i n g  and lowering i n  order  

t o  o b t a i n  a 50-0- impedance. Antenna suppor ts  w e r e  mounted 

w i t h i n  2000 yards  of t h e  launchers ,  a s  i t  w a s  d e s i r a b l e  t h a t  

they be loca ted  as c l o s e  a s  poss ib le .  Although t h e  l i n e  of 

d i r e c t i o n  w a s  toward t h e  launcher ,  t h i s  was not  c r i t i c a l  t o  

t h e  experiment.  

EQUIPbENT I NSTALLAT ION 

The N e w  Zealand Nat ional  Space Research Committee 

P r o j e c t  Manager arranged w i t h  l o c a l  c o n t r a c t o r s  t o  supply 

c o n s t r u c t i o n  equipment and s e r v i c e s  once b a s i c  i n s t a l l a t i o n  

requirements  were es t ab l i shed .  A s  a r e s u l t ,  the proper  

personnel ,  equipment, and material w e r e  r e a d i l y  a v a i l a b l e  

t o  the p r o j e c t  when needed, thereby avoiding any delay i n  

p repa r ing  the  s i te  and i n s t a l l i n g  t h e  equipment. 

shows an aer ia l  view of t h e  launch s i te  and de ta i l s  of major 

i n s t a l l a t i o n s .  

Figure 22 
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ROCKET LAUNCHERS 

Launchers No. 1 and No. 2 (prime and a l t e r n a t e )  were 

i n s t a l l e d  about 180 f e e t  a p a r t .  The immediate areas were 

l e v e l e d  and o b s t r u c t i o n s  removed p r i o r  t o  pouring conc re t e  

f o r  t h e  launching pads. Each pad w a s  12 fee t  square  and 

8 inches  t h i c k  and embedded w i t h  three 10-inch b o l t s  t o  

accommodate t h e  Arcas launcher .  F igu re  23 shows some of t h e  

s t e p s  involved i n  mounting t h e  launchers .  

Prepara tory  t o  launch tube  i n s t a l l a t i o n ,  t h e  a z i m u t h  

t a b l e  w a s  l eve led .  Next, t h e  lower s e c t i o n  of t h e  launch 

tube  w a s  i n s t a l l e d ,  and then  the middle and upper s e c t i o n s  

were jo ined .  Using a t h e o d o l i t e ,  t he  launch tube  w a s  

a l i g n e d  a f t e r  assembly and t h e  connect ing b o l t s  were 

a l te rna te ly  t igh tened .  F igure  24 shows Launcher No. 1 

a f t e r  f i n a l  assembly .  N o r m a l l y ,  when not  i n  u s e ,  t h e  

launcher  is  locked i n  t h e  ve r t i ca l  p o s i t i o n  w i t h  t h e  open 

end of t he  l aunch  tube covered by a t a r p a u l i n  f o r  p r o t e c t i o n  

a g a i n s t  weather. 

GROUND STATION 

A l l  ground s t a t i o n  equipment w a s  i n s t a l l e d  i n  the 22-foot 

t ra i le r  p r i o r  t o  l eav ing  GSFC; t h e r e f o r e ,  t h e  i n s t a l l a t i o n  

procedure i n  N e w  Zealand c o n s i s t e d  s imply of l o c a t i n g  t h e  

t ra i ler  i n  the  proper p o s i t i o n  and assembling and s p o t t i n g  

the  antennas.  The ground s t a t i o n  t r a i l e r  a r r i v e d  a t  t h e  s i t e  

mounted aboard a f l a t - b e d  t r a i l e r ,  a s  long  d i s t a n c e  direct  

towing w a s  impossible d u e  t o  h i t c h i n g  i n c o m p a t a b i l i t i e s .  The 
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Figure 24. Launcher No. 1 Installed 
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trailer w a s  removed from t h e  f l a t  bed and later moved by 

t r a c t o r  t o  a l o c a t i o n  about 300 f e e t  from t h e  launchers.  

Figure 25 shows t h e  d i f f e r e n t  haul ing  arrangements.  

Af t e r  t h e  ground s t a t ion  w a s  e s t a b l i s h e d ,  t h e  te lemet ry  

antennas were assembled and loca ted  about  10 f e e t  on e i t h e r  

s i d e  of t h e  t ra i ler  f a c i n g  the  launchers  ( r e f e r  t o  Figure 

26). Then t h e  Yagi antenna ( fo r  measurement of rocke t  

s p i n )  w a s  mounted a t o p  t h e  t r a i l e r  as shown. 

WIND WEIGHTING AM) EXPERIMENTAL ANTENNA SUPPORTS 

A t o t a l  of 14 wooden suppor ts  or masts were requ i r ed :  

f i v e  t o  suppor t  t h e  GSFC rad io  propagat ion experiment antennas,  

e i g h t  f o r  t h e  Univers i ty  of Canterbury d i f f e r e n t i a l  absorp- 

t i o n  experiment,  and one for  the  wind weight ing equipment. 

The suppor t s  ranged i n  height  from 60 io 89 feet aiid **in..C. W C Z A  G 

l o c a t e d  as shown i n  Figure 22. A l l  masts were provided 

and t r anspor t ed  t o  the s i te  by New Zealand. Figure 27 shows 

t h e  s t e p s  involved i n  e r e c t i n g  t h e  wind weight ing suppor t ;  

i n s t a l l a t i o n  of t h e  antenna supports  w a s  performed i n  a 

s i m i l a r  manner. 

NEW ZEALAND EQUIPMENT 

F a c i l i t i e s  suppl ied  and i n s t a l l e d  by the Universi ty  of 

Canterbury and the  RNZAF included t h e  r ece iv ing  and t r ans -  

m i t t i n g  d i f f e r e n t i a l  absorpt ion experiment f a c i l i t i e s ,  a wind 

weight ing s t a t i o n ,  a launch con t ro l  pos t ,  and various tents 

(see Figure 22) f o r  housing personnel  and spa re  equipment. 
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Top left to right. (1) Spotting Augar Adjacent to 
Staked Location. (2) Preliminary Digging Opera- 
tions. (3) Support and Crane Moved into Position 
and Final Check of Equipment and Guy Wires. 
(4) Hoisting Support to Vertical Position. (5) Final 
Instal lation. 

Figure 27. Typical Support Instal lation Sequence 
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Receiving and t r a n s m i t t i n g  s t a t i o n s  

i n  a t ra i le r .  S t a t i o n  i n s t a l l a t i o n  

were each conta ined  

w a s  simply a m a t t e r  of 

p l ac ing  each  t ra i ler  i n  t h e  proper l o c a t i o n  and e r e c t i n g  

t h e  f o u r  a s s o c i a t e d  antenna supports .  Figure 28 shows t h e  

ground s t a t i o n s  being towed t o  t h e  s i te  and t h e  t r a n s m i t t i n g  

s t a t i o n  as f i n a l l y  i n s t a l l e d .  I n s t a l l a t i o n  layout  of t he  

r e c e i v i n g  s t a t i o n  w a s  s i m i l a r .  

K I W I  1 PRE-ECLIPSE LAUNCH PREPARATIONS 

A l l  Arcas rocke t  motors,  b o o s t e r s ,  and i g n i t o r s  which 

had been de l ive red  t o  the  RNZAF Hobsonville f a c i l i t y  f o r  

s t o r a g e  w e r e  de l ive red  t o  t h e  launch s i t e  and p repa ra t ions  

w e r e  made f o r  t h e  KIWI  1 f a m i l i a r i z a t i o n  f i r i n g .  Meanwhile, 

f i n a l  checks were made of equipment i n s t a l l a t i o n s  and communi- 

c a t i o n  l i n e s .  The RNZAF launch team, some of whom had 

p rev ious ly  f i r e d  the Uiiboosted Arcas, %ere given instruc- 

t i o n  i n  Boosted Arcas handl ing techniques.  A number of 

l oad ing  f a m i l i a r i z a t i o n  runs ,  under d i r e c t i o n  of the  NASA 

v e h i c l e  manager ( r e f e r  t o  Figure 29), were then conducted 

u s i n g  t h e  actual veh ic l e .  

Areas of r e s p o n s i b i l i t y  concerning launch ope ra t ions ,  

e. g . ,  pos t ing  of guards,  f i r e - f i g h t i n g  personnel ,  medical 

a i d ,  and range s a f e t y ,  had been w e l l  def ined i n  range o rde r s  

i s s u e d  by RNZAF Hobsonville ( r e f e r  t o  Appendix C). 

Consequently,  there w a s  a m i n i m u m  of prelaunch t i m e  spent  i n  

RNZAF personnel  o r i e n t a t i o n .  The preshoot  conference was 

c h i e f l y  l i m i t e d  t o  b r i e f i n g  r e p r e s e n t a t i v e s  of the  cognizant  
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Figure 28. University of Canterbury Ground Stations 

62 



63 



groups as t o  programmed event  t i m e s  and d i s c u s s i n g  t h e  

schedu le  of o p e r a t i o n s  ( r e f e r  t o  Table 7 ) .  P a r t i c u l a r  

emphasis was placed on t h e  importance of s a f e t y  a s p e c t s  of 

t h e  ope ra t ions .  Included w a s  a d i s c u s s i o n  of t h e  b a s i c  

r o c k e t  f i r i n g  c i r c u i t  ( s e e  F igure  30). 

A s p e c i a l  weather f o r e c a s t  that had been made f o r  t h e  Cape 

Kar ika r i  a r ea  p r e d i c t e d  winds of 20 t o  30 knots  w i t h  g u s t s  

t o  40 knots  and heavy r a i n  f o r  t h e  day  of launch. Such 

c o n d i t i o n s ,  of cour se ,  would  prec lude  any launch a t tempt .  

However, New Zealand weather c o n d i t i o n s  are somewhat v a r i a b l e  

and t h e  f i r i n g  s c h e d u l e  w a s  r e t a i n e d  wi th  launch t i m e  advanced 

t o  20002 hours ( 8 : O O  A.M. N e w  Zealand t ime) .  Revised t i m e s  

are given i n  t h e  Table 7 schedule .  

The RNZAF Sunderland s e a r c h  a i r c r a f t  (F igure  2 1  i n s e r t )  

d e t e c t e d  s e v e r a l  vessels i n  o r  near t h e  impact a r e a  a f e w  

hours p r i o r  t o  launch. A Japanese f i s h i n g  b o a t ,  a N e w  

Zealand f r e i g h t e r ,  and a trawler,  a f t e r  be ing  communicated 

w i t h ,  promptly moved away. 

Weather c o n d i t i o n s  a t  dawn were margina l ,  b u t  s t e a d i l y  

improving. P r e c i p i t a t i o n  became l i g h t  and,  i n  t h e  l a s t  hour 

be fo re  launch, t h e  wind weight ing  f a c i l i t y  r e p o r t e d  winds 

reduced t o  f i v e  knots .  This  w a s  w e l l  w i t h i n  range s a f e t y  

requirements a n d  f i n a l  f l i g h t  p r e p a r a t i o n s  were i n i t i a t e d .  
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FIRING DATA 

F i n a l  te lemet ry  checks,  performed whi le  t h e  v e h i c l e  w a s  

i n  t h e  launch tube ,  showed t h a t  a l l  t e l e m e t r y  channels  were 

o p e r a t i n g  normally. The countdown then  proceeded accord ing  

t o  schedule ,  and a t  19592 hours K I W I  1 ( F l i g h t  15.18 GI) 

w a s  s u c c e s s f u l l y  launched ( s e e  F igure  31) .  The quick look 

rea l  t i m e  record  confirmed o p e r a t i o n  of a l l  t e l e m e t r y  channels  

w i th  e x c e l l e n t  d a t a .  T e l e m e t r y  w a s  recorded f o r  312 seconds 

and rocke t  performance (1 ,  Table  8 )  w a s  e x c e l l e n t .  P ro jec t ed  

apogee, c a l c u l a t e d  from t h e  t e l e m e t r y  r eco rd ,  w a s  88 km. 

SOLAR ECLIPSE LAUNCHINGS 

Due t o  t h e  e x c e l l e n t  performance of a l l  personnel  and 

equipment dur ing  t h e  K I W I  1 f a m i l i a r i z a t i o n  p re -ec l ip se  

launching,  i t  was decided t o  cance l  t h e  May 28 test f i r i n g ,  

as t h e  payload would s e r v e  a more u s e f u l  purpose if 

launched during t h e  e c l i p s e .  Equipment was rechecked and 

I p re l iminary r e s u l t s  of t h e  test launching  s t u d i e d  du r ing  

t h e  ensuing f o u r  days. 

The p repa ra t ion  of f l i g h t  b a t t e r i e s  f o r  t h e  e c l i p s e  , 

launchings w a s  undertaken immediately fo l lowing  t h e  

s u c c e s s f u l  K I W I  1 f i r i n g .  A measured amount of e l e c t r o l y t e  

was added by hypodermic s y r i n g e  t o  180 ce l l s  i n  a d d i t i o n  t o  

30 s p a r e  c e l l s .  Af te r  f i l l i n g ,  t h e  ce l l s  w e r e  set aside f o r  

a soaking t i m e  of 72 hours t o  a l low f o r  charge formation.  
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1 .  Booster Ignition 
(T+O. 04 Seconds). 

2. Sustainer Ignition 
(TN.08 Seconds).  

3. T+O. 16 Seconds. 4. Lift-off (T+=0.62 Seconds). 

Figure 31. Flight 15.18 GI ( I  IWI 1 )  Launch Sequence 

69 



a m d d h l  m o h l o o o o  m o  .. .. .. .. .. 
m 0 0 0  

d d  h l h l  
S d % S  o h l o  m m z o d  

70 



.- 

Afte r  t h e  soaking per iod ,  vo l tage  checks were performed 

on each  cell .  Th i r ty  cells were then i n s t a l l e d  i n  each 

payload and vo l t age  checks repeated a f t e r  one minu te  of 

normal payload opera t ion .  I t  w a s  not  u n t i l  a few hours  

be fo re  the  e c l i p s e  launchings t h a t  a c u r r e n t  leakage pa th  

w a s  discovered between t h e  b a t t e r y  t e rmina l s  and ground. 

This problem w a s  p re sen t  i n  four  of t h e  s i x  payloads.  

Although t h e  leakage w a s  only on t h e  order  of 4 mill iamps,  

t h e  p o s s i b i l i t y  e x i s t e d  of its becoming excess ive  and 

caus ing  t h e  b a t t e r i e s  t o  be discharged p r i o r  t o  launching. 

The problem w a s  solved by r e rou t ing  the  b a t t e r y  ground 

through a set of s p a r e  con tac t s  on t h e  power t ransfer  r e l a y .  

A l l  NASA/GSFC personnel  then  worked throughout the  n i g h t  

t o  make the  necessary modi f ica t ions ,  and on t h e  morning 

of launch a l l  payloads were found t o  be s a t i s f a c t o r y  and 

ready  f o r  launch. 

A few hours p r i o r  t o  the f i r s t  e c l i p s e  launch an 

u n i d e n t i f i e d  v e s s e l  was discovered i n  t h e  impact area by 

t h e  RNZAF Sunderland sea rch  a i r c r a f t .  The v e s s e l  promptly 

moved away a f t e r  t h e  a i r c r a f t  f i r e d  a r ed  warning f lare.  . 

Weather cond i t ions  w e r e  ideal as t h e  countdown of KIWI  2 

proceeded according t o  schedule ( r e f e r  t o  Table 9 ) ,  and a t  

p r e c i s e l y  19002 hours t h e  f i r s t  e c l i p s e  launch w a s  

s u c c e s s f u l l y  accomplished (see Figure 32). Apogee w a s  

about  88 km (2,  Table 8 )  while t e l e m e t r y  w a s  recorded f o r  

333 seconds w i t h  n e g l i g i b l e  dropout. 
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Table 9. K I W I  2 Launch Countdown 

TIME* 

0500 

0545 

0 600 

0605, 

0 630 

0646 (T-14) 

0653 (T-7) 

0655 ( T - 5 )  

0658 (T-2) 

0700 (T-0)  

EVENT 

1 

2 

3 

4 

5 

7 

8 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

OPE RATION 

D e l i v e r  payload t o  p r e p a r a t i o n  area. 

P r e f l i g h t  conference.  

S t a t u s  r e p o r t s  from RSO, Launch O f f i c e r ,  
Wind Weighting, In s t rumen ta t ion ,  DAE, and 
Power F a c i l i t y  

Time check. 

Load prime and a l t e r n a t e  launchers .  

DAE as d e s i r e d .  

Launcher s e t t i n g s  from wind weight ing .  

Range s a f e t y  check wi th  RSO. 

S t a r t  f i n a l  t e l e m e t r y  checks.  

S t a r t  f i n a l  DAE. 

Rad ia t ion  o f f .  

I g n i t o r s  connected.  

Local  danger  area c l e a r e d .  

Vacate launch pads. 

In s t rumen ta t ion  check. 

S t a r t  count .  

In s t rumen ta t ion ,  Wind Weighting, and 
C o n t r o l l e r  on open l i n e .  

I g n i t i o n  - f i r s t  launch.  

*New Zealand Standard Time 

72 

.. 



Figure 32. Flight 15.05 GI (KIWI 2) Ignition 
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As t h e  solar  e c l i p s e  underwent t h e  va r ious  c o n t a c t  

phases ,  K I W I ' S  3 through 7 were launched p r e c i s e l y  on schedule  

(Table 10).  A l l  t e l e m e t r y  func t ioned  normally w i t h  n e g l i g i b l e  

dropout .  P ro jec t ed  apogees of a l l  r o c k e t s  approximated 88 km, 

and d a t a  r ecep t ion  t i m e  v a r i e d  from 299 t o  336 seconds ( 3  

through 7 ,  Table 8 ) .  

l aunches ,  r e s p e c t i v e l y .  

F igu res  33 and 1 show K I W I  3 and K I W I  4 

Table 10. Countdown Schedule K I W I  3 t h r u  K I W I  7 

COUNT- 
DOWN 

T-14 

T-7 

T-5 

T-2 

T-0 

K I W I  3 

0702 

0706 

0713 

0715 

0718 

0720 

TIME* 
KIWI  4 I K I W I  5 i K I W I  6 

1 I 
I I 

0722 I 0742 I 0802 

0726 0746 0806 

0733 0753 0813 

0735 0755 0813 

K I W I  7 

0822 

0826 

Pause 
0913 

0915 

0918 

0920 

- 

OPERATION 

Load 

Te l e m e  t r y  
completed. 
S t a r t  new TM 
check. 
S t a r t  DAE. 
Reset launcher .  

Radia t ion  o f f .  
I g n i t o r s  
connected. 
Local danger a r e a  
c l e a r e d .  

Vacate pads 
Ins t rumen ta t ion  
check. 

S t a r t  count.  
Telephone open. 

I g n i t i o n .  

- 

- 

*New Zealand Standard Time.  
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CONCLUSIONS 

A l l  r ocke t s  were launched p r e c i s e l y  on schedule  and 

a t t a i n e d  the d e s i r e d  peak a l t i t u d e s .  Exce l l en t  data were 

obta ined  as t e l e m e t r y  w a s  recorded w i t h  n e g l i g i b l e  dropout 

throughout the d u r a t i o n  of each f l i g h t .  Experimental  

o b j e c t i v e s  were m e t  i n  every r e s p e c t  and, pending f i n a l  

a n a l y s i s ,  e x c e l l e n t  r e s u l t s  are a n t i c i p a t e d .  Although 

two launchers  were i n s t a l l e d ,  t h e  p r o j e c t  could w e l l  have 

been s u c c e s s f u l l y  accomplished us ing  a s i n g l e  launcher .  
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APPENDIX A 

. EQUIPMENT DATA 

Table A - 1  of Appendix A inc ludes  a complete l ist  of 

t e l eme t ry ,  tes t ,  and maintenance equipment supp l i ed  by 

t h e  Sounding Rocket Instrumentat ion Sec t ion  i n  suppor t  

of t h e  So la r  Ec l ip se  P ro jec t .  Table A-2 con ta ins  equip- 

ment suppl ied  by the  P lane tary  Ionospheres Branch, w h i l e  

Table A-3 con ta ins  cargo and performance c a p a b i l i t i e s  

of the C-124 t r a n s p o r t .  

I . -  
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II; I 

5 I ;  
1 8  
9 
10 
11 

1 12 
I 13 
14 
15 

~ 16 
j 17 
1 18 
19 

I 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
- 

Table A-1. Telemetry Equipment 

DESCRIPTION I MANUFACTURER & MODEL NO. 

;enerator Time Code 
C 1 ec t r oni c C ou n t er 
'requency Converter 
lsci 1 1 at or 
To1 tmeter 
1s c i 1 1 os c op e 
teceiver 
1 iscriminator 
W t e r  Low Pass Output 
:a lvanome t er - Ampl if i er 
Signal Generat or 
Spectrum Display Unit 
3scillograph 
Iiscriminator-Subcarrier 
Stereo Amplifier 
leg aus ser 
l egau s s e r 
Zalibrat or - Teleme try 
Receiver 
RF Tuner 
Spectrum Display Unit 
Demodul at or 
rape Recorder 

Take-up 2eed 
Ampl if ier 
Wattmeter 
Digital Scaler 
Speaker Console 
Transmitter 
Power Supply 
Receiver 
Directional Coupler 
Attenuator 
Attenuator 
Walkie-Talkie 
Transceiver 
Transceiver 
Battery Charger 
Camera 
Camera 
Attenuator 
Equalizer 
Equal i zer 

P-'nwer sllpply 

PRECEDING FAGE ELANK NOT FILluitL. 

I Hyperion, HI-128 
Hewlett-Packard, 52451, 
Hewlett-Packard, 5253B 
Hewlett-Packard, 204B 
Hewlett-Packard, 403B 
Tektronix, RM15 
Nems-Clarke, 1906 
Electromechres, 97D 
Electromechres, 95D 
Incor, 103B 
Boonton, 2025 
Vitro, 200-2 
C on sl el ec tr odyn , 5 - 12 4 
Electromechres, 167A-01 
Bogen, AP 200 
Ampex, SE-10 
Cons 1 e 1 ec tr ody n , VR- 3300 
Dytronics, 613 
Nems-Clarke, R1037A 
hT ems -C larke , RFTlO 1 A 
Nems-Clarke, SDU364 
Vitro, FSD-105A 
Precision Instruments, PS207A 
Kepco, ABC40-0.5M 
Conslelec tr odyn, 5 -059 
Hewlett-Packard, 466A 
Bird, 61 
Western Reserve, 300 
Collins, 312B-5 
Collins, KWM-2 
Hewlett-Packard, 721A 
Collins, 515-1 
Sierra, 150 
Hewlett-Packard, 355C 
Hewlett-Packard, 355A 
Johnson, 242102 
Midland, 13-136 
Vocaline, ED-27M 
SRIS Mfg. 
Kodak, 111 
Nikon, F 
Hew1 et t - Packar d , 355B 
CEC, 13-349-1 
CEC, 13-349-3 

QTY. 

1 
1 
1 
1 
1 
1 
3 
2 
2 
1 
1 
1 
1 
6 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
1 
2 
2 
1 
2 
2 
2 
2 
2 
3 
1 
3 
2 
2 
1 
1 
1 
1 
5 
2 



ITEM 

45 
46 

47 

48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 

60 

- 

ITEM ' 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

Table A-1. Telemetry Equipment (Cont.) 

DESCRIPTION 

Recording Paper 
Direct Reproduce Unit 

Direct Reproduce Unit 

Mag neg au s s er 
Coax Cable 
Power Supply 
Speaker Console 
Rec e iver 
Magnetic Tape 
Gage Antenna 
Helix Antenna 
Coax Cable 
Power Cable 
Trans f ormer s 
Tool Box (NZ) 

Assorted tubes, 
transistors , 
resistors, 
capacitors, connectors, 
and cable lengths. 

MANUFACTURER & MODEL NO. 

CEC, 465124-5502 
Precision Instruments, 

Precision Instruments , 
102 20 -004 

10 2 2 0-00 3 
Ampco, 200c 
RG-8, 50' roll 
Kepco, 721A 
CoLlins, 312B-5 
Vocal i ne, ED - 27M 

NMSU, 21.004 

Westinghouse, DT-3 
(Inventory available SRIS 

files) 

Table A-2. Experiment Equipment 

DESCRIPTION 

Power Amp1 if ier 
Voltmeter 
LC Meter 
Power Supply 
Blower 
Power Supply 
Receiver 
Electronic Counter 
Frequency Converter 
Wattmeter Dummy Load 
Plug In Unit 
Plug In Unit 
Generator Low Frequency 
Oscilloscope 
Signal Generator 
Power Supply 
RX Meter 
Rec ei ver 

MANUFACTURER & MODEL NO. 

Collins, 367A3 
Hewlett-Packard, 410B 
Tektronix, 130 
Collins, 428B-1 
Collins, 199G-3 
Hewlett-Packard, 721-A 
Heathki t , GC - 1 A 
Hewlett-Packard, 5245L 
Hewlett-Packard, 5261A 
Waters, 334 
Tektronix, L 
Tektronix, CA 
Hewlett-Packard, 202A 
Tektronix, W43A 
Hewlett-Packard, 606A 
HewLett-Packard, 712B 
Boonton, 250A 
Collins, 51s 

A-4 

QTY 

40 
6 

1 

1 
3 
2 
2 
2 

4 
2 

2 
2 

QTY 

2 
1 
1 
1 
1 
4 

' 1  
1 
1 
2 
2 
2 
1 
1 
3 
1 
1 
1 



Table A-3. Cargo and Performance Characteristics, 
C-124 Transport 

,- 

Aircraft 5 p e  

Length 

Span 

Gross Weight 

D es ig n Pay 1 oad / Rang e 

Payload/Range (Typ): 

37 000 lbs. 

24 000 lbs. 

11 000 lbs. 

Cargo Size: 

Floor Area 

Floor Dimensions 

Loading Door 

Volume 

Take-off Distance 

Landing Distance 

Douglas C-124 

130 feet 

174 feet 

185 000 pounds 

50 000 lbs/870 n.mi. 

2000 n.mi. 

3000 n.mi. 

4000 n.mi. 

983 sq. ft. 

74 ft. long x 12.8 ft. wide 

11.7 ft. high x 11.3 ft. wide 

10 000 cu. ft. 

3600 ft. 

1940 ft. 
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APPENDIX B 

c 

ARCAS TELEMETRY TRANSMITTING ANTENNA SMITH CHART PLOTS 
AND RADIATION PATTERNS 

F i g u r e s  B-1 through B-3 of Appendix B c o n t a i n  sample 

Smith c h a r t  p l o t s  of t e l e m e t r y  an tennas  flown on Arcas 

N e w  Zealand f l i g h t s .  F igu res  B-4 through B-10 c o n t a i n  

t y p i c a l  r a d i a t i o n  p a t t e r n s  measured a t  i n t e r v a l s  of 30" 0 

as  determined on t h e  s t anda rd  s p h e r i c a l  coord ina te  r e f e r e n c e  

system. Measurements were taken  wi th  each antenna enc losed  

by a s t a n d a r d  ARC No. 8 ogive nose cone cons t ruc t ed  of 

G.E.  t e x t o l i t e  epoxy conforming t o  NEMA grade G-10. 

B- 1 



F~;ECED\NG PAGE BLANK NOT FILMED. 

B-3 



B-4 



t 

B-5 



POLARIZATION 

MODEL 24.003 FOR ARCAS = U T  

REMARKS THE GAIN AT 0 180°, Q I 00 IS -5.5 DB WITH RESPECT TO A STODDART 
MLF-UAVB DImXZ. 
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POLARIZATION 

c 

ANTESIVA HODEL 24.003 FOR ARCAS ROCKET 
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POLARIZATION 

ANTENNA MODEL 24.003 FOR ARCAS RDCI(ET 
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POLARIZATION 

0 GAIN REF -- -- -- A 
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POLARlZATl ON 

ANTENNA MODEL 24.003 FOR ARCAS ROCKET 
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, 

POLARlZATl ON 

? 

Ab!!&% MODEL 24.003 FOR ARCAS BDCKET 
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POLARlZATl ON 

ANTENNA UODEL 24.003 FOR ARCAS RDCKGT 
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APPENDIX C 

KAITAIA RANGE ORDERS 

Appendix C, e x t r a c t e d  from a document compiled f o r  

t h e  guidance of RNZAF personnel ,  d e s c r i b e s  gene ra l  range 

requirements  and d e l i n e a t e s  a r e a s  of r e s p o n s i b i l i t y  f o r  prep- 

a r a t i o n  and f l i g h t  of Arcas rocke t s  launched dur ing  the  So la r  

E c l i p s e  Project. The fol lowing p a r t s  are included:  

Page 

c-1 Kaitaia Range Orders c-3 
c-2 S c i e n t i f i c  P r o j e c t  Coordinator D i rec t ive  c-9 

c-3 Range Safe ty  O f f i c e r  D i rec t ive  c-10 

c-4 Launch O f f i c e r  D i rec t ive  c-11 
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PART C-1.  KAITAIA RANGE ORDERS 

GENERAL INFORMATION 

I. Locat ion  and D e s c r i p t i o n  of Ranpe. The launching  s i te  is  
l o c a t e d  on t h e  E a s t  coast of t h e  North I s l a n d  South of  Cape Kari- 
k a r i  i n  Matai Bay a t  l a t i t u d e  340 49' 30" South and l o n g i t u d e  
1730 24' 19" E a s t .  The i n l a n d  range danger area i s  enc losed  i n  a 
circle of one m i l e  r a d i u s  c e n t e r e d  on t h e  launch  site. The seaward 
r ange  i s  con ta ined  i n  a 60 
s i te  and ex tends  seaward f o r  50 m i l e s .  The seaward range  boundar ies  
are de f ined  by l i n e s  drawn thraugh t h e  launch  p o i n t  of 002O T and 
062O T. The local danger area i s  t o  be  200 y a r d s  r a d i u s  from t h e  
launch  pads. 

deg ree  s e c t o r  c e n t e r e d  on t h e  launch  

2. Range Au thor i za t ion ,  L imi t a t ions .  The range i s  a u t h o r i z e d  
f o r  u s e  between May 26 and May 31, 1965, i n  con junc t ion  w i t h  
s c i e n t i f i c  o b s e r v a t i o n s  which w i l l  be c a r r i e d  out  du r ing  t h e  s o l a r  
e c l i p s e  on t h e  morning of May 31. 
hours  and 0930 hour s  on t h e  fo l lowing  days: 

Rockets may be f i r e d  between 0600 

(a) 26 a n d / o r  28 May; practice f i r i n g s .  
(b)  31 May; du r ing  s o l a r  e c l i p s e .  

3. Type of Rocket Vehicle.  The Kaitaia Range i s  a u t h o r i z e d  f o r  
t h e  launching  of Boosted Arcas high a l t i t u d e  r e s e a r c h  r o c k e t s .  

4 .  F a c i l i t i e s .  When- i n  ope ra t ion  t h e  range  w i l l  have t h e  fo l lowing  
f aci 1 i ties : 

(a) Launch pads and Launchers. Launch pads c o n s i s t i n g  of 
two c o n c r e t e  pads 12 f e e t  square and 8 inches  t h i c k ,  at 
least 150 f e e t  a p a r t  are t o  s e r v e  as mountings f o r  two 
Arcas Ex. 120 Rocket Launchers. 

(b )  Launch Cont ro l  Pos t  (LCP). The LCP i s  t o  be s i t e d  n o t  
less t h a n  200 ya rds  from t h e  launch pads and p rov ide  the 
fo l lowing  f a c i l i t i e s :  

(i) Communications Cen te r  
(ii) Wind I n d i c a t i n g  Ins t ruments  
(iii) F i r i n g  Console 

(c) Rocket Veh ic l e  P repa ra t ion  A r e a .  An open ended temporary 
s t r u c t u r e  s i t e d  ad jacen t  t o  t h e  launch c o n t r o l  pos t .  
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( d )  Rocket Veh ic l e  S to rage  Area. A s e p a r a t e  r o c k e t  v e h i c l e  
s t o r a g e  area i s  t o  be  made a v a i l a b l e  and s i t e d  n o t  less 
than 200 ya rds  from t h e  launch pads. 

( e )  S c i e n t i f i c  S i t e s  

(i) NASA Telemetry Van 
( i i)  Canterbury  U n i v e r s i t y  Caravan. 

ORGANIZATION AND ADMINISTRATION 

5. Opera t iona l  Cont ro l  and R e s p o n s i b i l i t i e s .  I n d i v i d u a l  r e s p o n s i s  
b i l i t i e s  f o r  t h e  o p e r a t i o n a l  c o n t r o l  of t h e  range are d e t a i l e d  as 
f 01 1 ows : 

(a )  S c i e n t i f i c  P r o j e c t  Coordina tor  - P a r t  C-2. 

( b )  Range S a f e t y  O f f i c e r  (RSO) - P a r t  C - 3 .  

( c )  Launch O f f i c e r  - P a r t  C-4. 

6. Launch Schedules.  Launch schedu les  are t o  be prepared  by t h e  
P r o j e c t  Coordina tor ,  w i th  t h e  a s s i s t a n c e  of t h e  RSO, Launch O f f i c e r ,  
and s c i e n t i f i c  s t a f f  as necessary .  The schedules  are t o  con ta in  f u l l  
p a r t i c u l a r s  of a l l  phases  of t h e  o p e r a t i o n ,  i n c l u d i n g  countdown pro-  
cedure  and t h e  c o o r d i n a t i o n  of s c i e n t i f i c  obse rva t ions .  

7. Advice of Rocket Launchings. F i r i n g  i n t e n t i o n s  are t o  be  con- 
f i rmed wi th  RNZAF Headquarters  two days  be fo re  f i r i n g s  are due  t o  t a k e  
p lace .  
h a s  been completed. Local a u t h o r i t i e s ,  Marine Department,  C i v i l  Av ia t ion ,  
P o l i c e ,  landowners concerned,  and t h e  g e n e r a l  p u b l i c  are t o  be g iven  
adequate  warning of f i r i n g  i n t e n t i o n s .  

Advice i s  a l s o  t o  be forwarded as soon as p o s s i b l e  a f t e r  f i r i n g  

RANGE SAFETY ORDERS 

8. Ent ry  of Personnel .  
o u t ,  on ly  those  persons  employed on t h e  p r o j e c t ,  o r  s p e c i a l  v i s i t o r s  
approved by the  P r o j e c t  Coord ina to r ,  are pe rmi t t ed  i n s i d e  t h e  range  
danger  area. When a rocke t  launching i s  imminent a l l  pe r sonne l  are t o  
be o u t s i d e  t h e  l o c a l  danger area. 

When a r o c k e t  f i r i n g  program i s  be ing  c a r r i e d  

9. Guards. When t h e  range i s  i n  u s e ,  gua rds  are t o  be pos ted  t o  p r e v e n t  
unauthor ized  en t ry  i n t o  t h e  range  danger  area. 
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10. Danger Notice.  A danger  n o t i c e  reading  "Danger Rocket F i r ing"  
i s  t o  be p o s i t i o n e d  a t  t h e  p o i n t  of e n t r y  t o  t h e  range.  

11. F i r e  F igh t inp  and F i r s t  Aid. 

(a) F i r e  f i g h t i n g  f a c i l i t i e s  are t o  be a v a i l a b l e  dur ing  range 
ope r a t i o n s  . 

(b )  A l l  inflammable material i s  t o  be c l e a r e d  f o r  a d i s t a n c e  
of 100 y a r d s  from t h e  launchers .  

(c) Smoking i s  p r o h i b i t e d  i n s i d e  t h e  l o c a l  danger area when 
t h e  range  i s  i n  u s e  and a t  a l l  t i m e s  i n  t h e  v i c i n i t y  of 
t h e  r o c k e t s  or boos te r s .  

(d)  A medical  o r d e r l y  i n  possess ion  of a f i r s t  a i d  k i t  i s  t o  be  
a v a i l a b l e  dur ing  r o c k e t  launching ope ra t ions .  

12. General .  

(a) No s t r u c t u r e  i s  t o  be within 100 ya rds  of t h e  r o c k e t  
l aunche r s  and a 60° quadrant  i n  t h e  d i r e c t i o n  of rocke t  
f l i g h t  is t o  be kep t  completely f r e e  of obs t ruc t ions .  

(b )  A l l  motor v e h i c l e s  are t o  be o u t s i d e  t h e  l o c a l  danger 
area when rocke t  f i r i n g  i s  i n  progress .  

LAUNCH PAD SAFETY ORDERS 

13. Handling, P r e p a r a t i o n ,  aad L c % ! i n ~ +  The fo l lowing  s a f e t y  o r d e r s  
are t o  be observed a t  a l l  times during t h e  handl ing ,  p repa ra t ion ,  and 
load ing  of rocke t s :  

During loading  ope ra t ions  t h e  r o c k e t  launchers  are t o  
be po in ted  i n  a s a f e  d i r e c t i o n .  

The number of  persons  engaged i n  t h e  p repa ra t ion  of r o c k e t s  
and loading  ope ra t ions  are t o  be  kep t  t o  a minimum. 

No e l e c t r i c a l l y  powered t o o l s  are t o  be used. 

The f i r i n g  l e a d s  are t o  be shunted and a l s o  disconnected a t  
t h e  launcher .  

The s a f e t y  switch on t h e  f i r i n g  console  i s  t o  be i n  t h e  OFF 
p o s i t i o n  and t h e  key r e t a i n e d  by t h e  Launch Off icer .  

The p r e p a r a t i o n  of rocke t s  i s  t o  be c a r r i e d  out  i n  t h e  
des igna ted  area only. 
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14. Launcher S e t t i n g s  L i m i t .  The r o c k e t  launcher  i s  n o t  t o  be aimed 
o r  f i r e d  a t  s e t t i n g s  o u t s i d e  t h e  f o l l o w i n g  l i m i t s :  

(a)  Maximum e l e v a t i o n ,  88' 

( b )  

(c)  The planned impact area i s  t o  be such  t h a t  t h e  whole 

Maximum azimuth,  30' e i t h e r  s i d e  of r ange  c e n t e r  l i n e .  

d i s p e r s i o n  area i s  w i t h i n  t h e  boundar ies  of t h e  range  danger 
area. 

LAUNCH PROCEDURES 

15. The e r e c t i o n  and s e t t i n g  up of t h e  l aunche r s  and t h e  p r e p a r a t i o n  
and loading  of r o c k e t s  i s  t o  be c a r r i e d  out  i n  accordance wi th  t h e  
procedures  d e t a i l e d  i n  t h e  a p p r o p r i a t e  Arcas Manuals. The fo l lowing  
paragraphs  g i v e  a d d i t i o n a l  d e t a i l s  on some procedures ,  o r  emphasize 
p a r t i c u l a r  po in t s .  

16. Launcher: Pre loading  Checks. P r i o r  t o  load ing  a launcher ,  t h e  
fo l lowing  checks are t o  be c a r r i e d  ou t :  

(a) Examine f o r  s e c u r i t y .  

( b )  Ensure t h a t  t h e  13.12-inch plug gauge p a s s e s  through t h e  
f u l l  l e n g t h  of t h e  l aunche r  tube.  

( c )  Ensure t h a t  t h e  i n s i d e  of  t h e  t u b e  i s  c l ean  and l u b r i c a t e d .  

( d )  Check t h a t  t h e  f i r i n g  l i n e  t o  t h e  l aunche r  i s  s e r v i c e a b l e .  

17. P repa ra t ion  of Rocket and Boos ter  

(a )  Handling 

The rocke t  motor a n d / o r  assembled r o c k e t  i s  t o  be 
handled by two men at  a l l  times. 'When t h e  b o o s t e r  
i s  assembled t o  t h e  r o c k e t ,  a t h i r d  man i s  r e q u i r e d  
t o  suppor t  t h i s  s e c t i o n .  

The f i n s  of  t h e  r o c k e t  are ve ry  d e l i c a t e  and t h e i r  
p r e c i s e  a l ignment  i s  e s s e n t i a l  f o r  s u c c e s s f u l  rocke t  
performance. A l l  handl ing  i s  t o  be  done by g rasp ing  
t h e  rocke t  and b o o s t e r  bodies .  

Extreme care must be taken  i n  h a n d l i n g  t o  ensu re  t h a t  
t h e  f i n s  do no t  s t r i k e ,  o r  are s t r u c k  by, any o b j e c t .  
I f  the  f i n s  are damaged d u r i n g  hand l ing  o r  i f  t h e  r o c k e t  
o r  boos te r  i s  dropped, do  n o t  a t t e m p t  t o  launch t h e  
rocke t .  

Observe a l l  a p p l i c a b l e  s a f e t y  o r d e r s .  
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( b )  I n s p e c t i o n  of Components. I n s p e c t  t h e  r o c k e t  motor, b o o s t e r ,  
and components as fol lows:  

( i) V i s u a l l y  i n s p e c t  f o r  ev idence  of mishandling. 

(ii) Check t h a t  t h e  f i n s  are n o t  bent  o r  nicked. 
p a i n t  on t h e  f i n s  can be ev idence  of damage. 

Chipped 

(iii) T e s t  t h e  i g n i t o r s  w i t h  a s a f e t y  ohmmeter and check that 
t h e  r e s i s t a n c e  i s  as fo l lows :  

a. Boos ter  i g n i t o r  - 0.7 t o  1.4 ohms 

b. Rocket i g n i t o r  - 1.0 t o  1.3 ohms 

NOTE: To s h i e l d  the  pe r son  c a r r y i n g  o u t  t h e  tests,  
t h e  i g n i t o r s  are t o  be p laced  behind a s u i t a b l e  
p r o t e c t i v e  w a l l .  The i g n i t o r s  are no t  t o  be 
checked i n  t h e  immediate v i c i n i t y  of t h e  r o c k e t s .  

- 

( c )  Assembling Payload t o  Rocket Motor. When t h e  payload i s  assembled 
t o  t h e  r o c k e t  motor p r i o r  t o  launching,  t h e  assembled r o c k e t  i s  
t o  be checked t o  ensure  that: 

( i)  The payload i s  s e c u r e l y  a t t a c h e d .  

(ii) The C.G. i s  w i t h i n  t h e  p r e s c r i b e d  l i m i t s .  

18. Aiming t h e  Launcher. The launcher  i s  aimed t o  a l l o w  f o r  wind e f f e c t .  
The necessary  s e t t i n g s  which are c a l c u l a t e d  d u r i n g  t h e  p r e p a r a t i o n  and 
load ing  of t h e  i aunche r  are made as fo l lows :  

(a) When load ing  i s  completed and l aunche r  s e t t i n g s  are confirmed, 
t h e  Launch O f f i c e r  sets t h e  launcher  as d i r e c t e d .  

(b )  The Launch O f f i c e r ' s  a s s i s t a n t  then checks t h e  s e t t i n g s  and 
conf i rms  w i t h  t h e  LCP t h a t  they are c o r r e c t .  

19. F i n a l  P r e p a r a t i o n  f o r  F i r ing .  When t h e  l aunche r  i s  loaded and aimed 
and a l l  is  i n  r e a d i n e s s  f o r  launching, a l l  personnel  e x c e p t  t h e  Launch 
O f f i c e r  l e a v e  t h e  launch pad and move o u t s i d e  t h e  l o c a l  danger area. The 
Launch O f f i c e r  t hen  connec ts  t h e  f i r i n g  l i n e  a t  the  l aunche r  a t  t h e  
a p p r o p r i a t e  t i m e  i n  t h e  countdown a n d  retires t o  t h e  LCP. 

20. Prelaunch Checks. Before any launching i n s t r u c t i o n s  are given,  t h e  
RSO i s  t o  e n s u r e  t h a t :  
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(a) A l l  n ecessa ry  s a f e t y  o r d e r s  have been observed and t h e  range 
i s  clear,  

( b )  That the  s u r f a c e  wind c o n d i t i o n s  are s a t i s f a c t o r y .  

(c)  That f i r e  f i g h t i n g  and f i r s t  a i d  f a c i l i t i e s  are immediately 
a v a i l a b l e .  

21. F i r i n g  t h e  Rocket. When c l e a r a n c e  i s  g iven  t o  proceed w i t h  t h e  
f i r i n g ,  t h e  Launch O f f i c e r  produces t h e  key t o  t h e  s a f e t y  swi tch  and 
a t  T-30 seconds t u r n s  t h e  swi t ch  on. The countdown proceeds  and a t  
"Fire ' l  t h e  f i r i n g  swi t ch  i s  ope ra t ed .  

22. M i s f i r e  Procedure.  I n  t h e  even t  of a m i s f i r e  t h e  fo l lowing  procedure  
i s  t o  be followed. 

(a)  Turn o f f  t h e  s a f e t y  swi t ch  and remove t h e  key. This  i s  t o  be 
r e t a i n e d  i n  t h e  Launch O f f i c e r ' s  posses s ion  u n t i l  t h e  m i s f i r e  
has been c l e a r e d .  

( b )  Wait one h m r  b e f o r e  approaching t h e  launcher .  

( c )  Disconnect  t h e  f i r i n g  l i n e  and shunt  t h e  r o c k e t  and boos te r  
i g n i t o r  l eads .  

( d )  Unload t h e  r o c k e t  from t h e  launcher .  
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PART C-2. SCIENTIFIC PROJECT COORDINATOR DIRECTIVE 

The S c i e n t i f i c  P r o j e c t  Coordina tor  i s  r e s p o n s i b l e  f o r :  

(a)  The o v e r a l l  d i r e c t i o n  of t h e  s c i e n t i f i c  and rocke t  f i r i n g  
program. 

(b) P r e p a r a t i o n  of t h e  Launch Schedules  as d e t a i l e d  i n  para.  6 
and g e n e r a l  s u p e r v i s i o n  of t h e  countdown procedure.  

( c )  Obtaining me teo ro log ica l  f o r e c a s t s ,  c a l c u l a t i n g  wind e f f e c t ,  
and a d v i s i n g  t h e  RSO of launcher  s e t t i n g s  and p r e d i c t e d  
t r a j e c t o r y  d e t a i l s  p r i o r  t o  launching. 

( d )  Ensuring t h a t  s c i e n t i f i c  equipment is  f u n c t i o n i n g  as requ i r ed  
and a d v i s i n g  t h e  RSO that launching may proceed. 

(e )  Ensuring t h a t  s c i e n t i f i c  s t a f f  are aware of and comply with 
Range S a f e t y  Orders and Launch Pad S a f e t y  Orders as app l i cab le .  
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PART C-3.  RANGE SAFETY OFFICER DIRECTIVE 

1. 
Hobsonvi l le  f o r :  

The Range S a f e t y  O f f i c e r  i s  r e s p o n s i b l e  t o  t h e  Commanding O f f i c e r  

(a)  The command and o r g a n i z a t i o n  of t h e  RNZAF and t h e - s c i e n t i f i c  
s ta f f .  

( b )  Lia i son  as r e q u i r e d  between t h e  RNZAF and t h e  s c i e n t i f i c  s t a f f .  

( c )  General s e c u r i t y  of t h e  r ange  inc lud ing  p r e c a u t i o n s  a g a i n s t  
t r e s p a s s i n g  wh i l e  t h e  range i s  i n  u s e  and t h e  sa fegua rd ing  of 
equipment . 

( d )  The a v a i l a b i l i t y  of f i r e  f i g h t i n g  and medica l  f a c i l i t i e s  
while  t h e  range  i s  i n  use.  

( e )  Ensuring t h a t  Range S a f e t y  Orders  and Launch Pad Sa fe ty  
Orders are known and understood by a l l  pe r sonne l  concerned and 
t h a t  t hey  are complied wi th .  

2 .  
n a t o r  f o r :  

The RSO i s  a l s o  r e s p o n s i b l e  i n  con junc t ion  w i t h  t h e  P r o j e c t  Coordi-  

( a )  Advice t o  RNZAF Headquar te rs ,  and any o t h e r  i n t e r e s t s  as l i s t e d  
i n  para .  7 of t h e s e  o r d e r s ,  of i n t ended  r o c k e t  f i r i n g s .  

( b )  Cont ro l  of countdown procedures  i n  accordance  wi th  t h e  launch  
schedule .  

( c )  Ensuring t h a t  a l l  pre launch  checks  are completed b e f o r e  a d v i s -  
i ng  t h e  Launch O f f i c e r  t h a t  f i r i n g  may proceed.  
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I .  

PART C-4. LAUNCH OFFICER DIRECTIVE 

The Launch O f f i c e r  i s  r e s p o n s i b l e  t o  t h e  Range Sa fe ty  O f f i c e r  

Rece ip t  from s t o r a g e  a t  RNZAF S t a t i o n  Hobsonvi l le  of 
Arcas r o c k e t s  and t r a n s p o r t a t i o n  t o  t h e  Kataia Range. 

Compliance w i t h  a l l  r e g u l a t i o n s  governing t h e  t r a n s p o r t a t i o n  
of e x p l o s i v e s  by road. 

T ranspor t ing  t h e  Arcas rocke t  l aunche r s  and i n s t a l l a t i o n  on 
t h e  site. 

Supe rv i s ion  of RNZAF launch crew and rocke t  handl ing  crew. 

P r e p a r a t i o n  and o r i e n t a t i o n  of  t h e  r o c k e t  l aunche r  f o r  
r o c k e t  f i r i n g ,  i n  conjunct ion  wi th  t h e  s c i e n t i f i c  s t a f f .  

P r e p a r a t i o n ,  loading ,  and launching  of Arcas r o c k e t s  i n  
accordance w i t h  t h e  launch schedule .  

L i a i s o n  with t h e  s c i e n t i f i c  s t a f f  i n  a l l  matters concerning 
p r e p a r a t i o n  and launching. 

Compliance of Range Sa fe ty  Orders  and Rocket Pad S a f e t y  
Orders.  
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